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1.0 S£Q££ 



This docyment is the external specification for 
I! Asseiirabfer* TNIs assefibfer runs on^ th-e CYBER 
CYBER 180 mode and assembles either CYBER 180 CPU 
lOU code* The object program output of the 



the CYBER^ 180 
180 machine In: 
or CY8ER 180 

Assefiibler Is 



compatibie with the NOS/VE loader. The II Assembler is the 
language successor to the CI Asseinbler described in the ARH1693 

ERS document. 

1.1 mELiQmi£.JM:mEMis 



The following documents reference related material which would 

be of value to the reader* 

CYBER 180 nalnframe Hode I Independent GOS CMIGOS), Rev. S 
CARH 1700 )• 

CYBER 180 CI CPU Assembler ERS (ARH 1693). 

• NOS/VE Command Interface 

• MOS/VE Program Interface 
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2,0 LANGUAGE STRUCTURE 



2,0 LMmimt^SlEMQIUEE 



A CY8ER 180 Assembly language source program consists of a 

sequence of . statemei^ts wfiich co-ntain syi^sbollc - mBchine 
instruct I ofiSf pseudo !nstruct!ons» and cofuraent lines. With the 
exception- of the com?iient llnest each statement consists of a 
label fleldf an operation field, argument fle1d<s)i and a 
comments field* Each field Is terminated by one or more blank 
characters. The size of the argument field is restricted by the 
maKimum. statement size only. Statement format Is essentially 
free field, except for the label field which iBust start In column 
1. 

A statement consists of one or more physical lines of data. A 
line may be up to 255 characters long and the Assembler will 

print the entire line at the rate of 88 characters per print 
line. Assembler will only examine the first 88 characters of a 
line. Information after column 88 is presumed to be comments. 

The language also supports a procedure mechanism with 
parameter capability. Each time the name of the procedure Is 
referenced, the body of the procedure will be Inserted In the 
code. This will be further explained In the section entitled 
•Procedures' • 

2.1 SMIEMEMI 

A statement Is an ordered group of fields starting < f rom left 
to right) with one Label field followed by Operation and Argument 
fields and one Comments field. The number of fields allowed In a 
statement is not limited. The comments field is optional, but 
the other fields must be accounted for by field delimiters. A 
statement may be continued onto more than one line, but no more 
than one statement Is allowed per line. 

2.1.1 FIELD 



A Field Is a consecutive group of characters starting with a 

non-blank character and terminated by a blank character , 

end-of-llne, or character position 88 of the line, whichever 
occurs first. 

The only exceptions to this definition ares 

a) Blanks may appear freely In a CHARACTER STRING without 
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2.0 LAUmmE STRUCTUI?E 
2.1.1 FIELO 

cays frig field termination. 

fol Blanks nay appear freely In the COHMEMTS field* 

c> If a continuation character *|» Is encountered within a field 
which Is not a COMHENTS or CHmmJER STRIf^G, the field Is 
continued on the next line* 

d) Extra or spurious fields In a statement are not detected and 
no error Is diagnosed. 

2.1.2 SUBFIELO 



A Subfleld Is a consecutive group of characters starting with 
a non-blank character and terrjilnated by a com?i5a ^t* or by 
End-Of-Fleldf whichever occurs first. A field may have one or 
more subflelds. 

The only exceptions to this definition areS 

a) Commas may appear freely In a CHAf?ACTER STRING without 
causing subfleld terini nation. 

b) Commas may appear freely In the COMHENTS field. 

cl If a continuation character *»;^ Is encountered within a 
subfleldf the subfleld Is continued on the next line. 

dl Extra or spurious subflelds In a field are not detected and 
no error Is diagnosed. 

2.1.3 NULL FIELO 



The absence of a field or subfleld Is automatically detected 
by the Assembler based on the number of fields. An OPERATION 

field must llQl;— tia-.-!iiill and must have as many ARGUMENT fields 

following It as required by its defining pseudo Instruction or 
PROCEDUREf although the number of ARGUHENT fields can be variable 
and depend on some other field. 

The rules for NULL field: 

a) A blank In character position 1 of a line Indicates the 
absence of the LABEL field on that line. The next non-blank 
character on the llnet excluding commentSf Is accepted as 
part of an OPERATION field. 



coc - mvmcED systems oevelopmeut 

CYSER 180 II Assembler ERS 



2--3 

86/10/17 

Revs F 



2.0 L/!^I^GUAGE STRUCTURE 
2« 1 • 3 MULL F I EL 



b) .A.n OPERATION fieVd cannot be blank. 



c) Two cDnsecutlve 
s«bf ield. 



commas Indicate the presence of a nuTI 



d) One connma "t" followed by a blank Indicates Cas specified) 

end~of-subf ield sQd end- of- field and can be ysed to delimit 
trailing Null subflelds. The configuration blankt blank 
Indicates a Noll field wltb two Null subfields. 

2.2 mmmuis. 

Comments may start in any coluinnf but are always the last 
field on a !ine» and en4 at end of line. All conwients must begin 
with a period. Scanning by the Assembler stops when a period 
preceded by a blank or a period in column 1 Is encounteredt thus 
comments fiay contain any Ascli character* Inclyding characters 
that would otherwise have special rneaning fe.g. the semicolon 
which denotes continuation when used outside of comments). 

Uhen a statement Is continued to the next llnet cowiments may 
appear after the continuation character on the line being 
continued. 

2.2.1 STATEHEHT CONTIHUATIOH 

Normally* column 88 terminates a source statement that has not 
otherwise terminated. However, a statement that cannot be 
contained in the first 88 characters can be continued on 
successive lines by placing a semi-colon «»r«» at the continuation 
point. A statement may only be broken between fields* subfleldst 
or terms of an expression. A term may not be broken onto 2 lines 
(e.g. a long character string must fit on on^ line). The 
statement will be continued at the first non-blank character on 
the next line at or after character position 2. Character 
position 1 of all continuation lines must contain a blank* The 
continuation character. If used, must appeBr at or prior to 
character position 88. 

The only exceptions to this definition are? 

a) Semicolons may appear freely In a CHARACTER STRING without 
causing continuation. This Implies that character strings 
cannot be continued across statements. 

b) Semicolons may appear freely In a COHHEHTS field without 
causing continuation. Comments cannot be continued across 
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2.0 LkmmGE STRUCTURE 

2.2.1 STATEMEMT COMTIWATION 



statements. 
2.3 £MiEItI£g-S£I 



The Assembler- recognizes the followingt graphic character 
suhset of the HQS/WE ASCII character set as Input! 



Alphabetic 



A through Z Cupper or lower cas^) 



Numeric through 9 

Special Characters 5 

Blank or Space 

+ Add 

Subtract or Unary HInus 

* Hultlply 

/ Olvlde or Logical NOT 

= Equal 

< Less Than 

> Greater Than 

& Logical kUD 

I Logical Inclusive OR (vertical bar) 

n Logical Exclusive OR (double vertical bar) 

<= Less Than or Equal To 

>= Greater Than or Equal To 

/= Hot Egual To 

« Period or Decimal Point 

f Cornnna 

( Left Parenthesis 

) Right Parenthesis 

I Left Bracket 

I Right Bracket 

• Apostrophe 

? Continuation 

♦* Shift 

In addition to the characters listed abovet the Assembler 
accepts the following characters as part of program comments or 

as part of a Character String: 



\ '^ 



{ } - 



The Assembler distinguishes between upper and lower case 
characters only when used within character strings enclosed by 
quotes. 
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2^0 LANGUAGE STRyCTURE 
2.3 CHARACTER SET 



Other ASCII characters appearing before the comment field are 
diagnosed as an error. 



2.4 immL^QEEmiimn 



A symbol Is a set of alphabetic or numeric characters that 
Identifies a byte address or • a vatue and Its associated 
attributes* The symbol iiust start with any alphabetic character* 
and the symbol can be a maximum of thirty-one 131 J characters 
longt and cannot Include any of the special characters. The 
colon C 5 J may not be used as a character In a user defined 
symbolf It Is reserved for language defined names* Sywbols are 
defined when they are used In the label field of any statenient 
(CPU, fOy» or pseudo Instruction), except for some pseudo 
instructions which Ignore the label field and other pseudo 
Instructions which use the label field for other purposes. 



eXAHPLES? 



R3 
PROGRAM 



543 

A8C0EFGHIJKLHN0PaRSTUVHXYZ012345 

ABE^15 



First character must 
be alphabetic. 
Exceeds 31 characters 
Contains plus sign 



2.4.1 LINKAGE SYH80LS 



Hodules (assembly units) can be linked to other Modules 
(assembly/compilation units) through symbols defined as entry 
points. 

Entry points In the current module are declared with a DEF or 
OEFG pseudo Instruction. This allows the entry point to be 
referenced from another module. External entry points can be 
referenced by declaring them with the REF pseudo Instruction and 
are treated as relocatable values. 

To link to entry points with different names, a symbol can be 
ALIASed to another symbol. 

2.4.2 SYHBOL ATTRIBUTES 



In addition to 
symbol, each symbol 



the value or byte address associated with a 
has symbol attributes. Symbol attributes are 
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2.0 LANGUAGE STRUCTURE 
2.4.2 SYMBOL ATTRIBUTES 



various pieces of ! reformat Ion about ttie symbol which describe 

properties of that symbol* Attributes are normally associated 

vtfith a symbol at the time the symbol Is deftited. This Is an 
autofflatic process within the Assembler and takes place whenever 
symbol definition takes place. 

The CYBER 180 Assembler contains six built-tn attributes which 
are associated with a synibol. These attributes and their 
associated fiinemonlcs aret 



Sy mbo ? C at e gor y 

Address Mode 

Symbol Value 

Length 

St ar 1 1 n§ Bit Pos 1 1 1 on 

Syi^bol Nu»Jiber 



SCS 



VA: 



lb:, LC:, LW; 

SB ■• 
SNs 



Each attribute is discussed and defined In the section on 
Attribute Functions. A symbol's attributes are always referenced 
using one of the attribute function mnemonics fisted above. This 
reference may not be forv^ard* It Is used for retrieval onlyt and 

has the forms 



at tr I bute_f unction C symbol! 



The Assembler also permit 
additional programmer def 
attributes can be given name 
can have any meaning desired 
The names and values can be 
program assembly using the 
The ANAH6 pseudo Instruction 
particular attribute. Fol 
assigned a value associated 
attribute name may then 
retrieve the value of the at 



s any symbol 
Ined attrlbu 
s and values 
• The values 
altered durl 
AHAHE and AT 
is used to 
lowing that, 

with the 
be used In 
tributes 



to have any 
tes. These 
by the prog 

may not exce 

ng the cour 

RIB pseudo In 

assign a 

a symbol 

named attrib 

the foil owl n 



number of 
additional 
rammer and 
ed 64 bits. 
se of the 
struct ions. 
aaaafi to a 
can then be 
ute. This 
g manner to 



user_def ined_attr Ibute^namel symbol 1 

An attribute name for any of the programmer defined attributes 
will be valid until changed. 
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2.0 LANGUAGE STRUCTURE 
2.5 REGISTERS 



2*5 £££1SI£HS 

Register designators symbolically represent the 32 operatlrig 
registers. The desigrjators are Inherent to the Assembler and 
canrjot be changed during assembiy. However » other symbols may be 
e<|yated to them. There is an AsserobTer defined attribute 
CiregtypI which defines the type of register a syrabo! ' represents* 

Address •An* or a symbol with Its iREGTYP attribute 

set to »#AREG«. 

Qperand *Xn« or a syrubol with Its #REGTYP attribute 

set to »#XREG». 

for the forms An or Xnt n Is a single hex digit frorw to F. 
Any other value for n^ for example Hf causes An or Xn to be 

Interpreted as a symbol rather than a register designator. 

EXAHPLES5 

Al Designates address register 1 

AlO Interpreted as a symbol t not a register 

2.6 MlA^UQU^mn 

Data notation provides a means of entering values for 
calculation* Increment countSt operand values? line countst 
control counter values t text for printing out messages* 
characters for forming symbols* etc. 

The two types of data notation are character and numeric. The 
Assembler allows the user to Introduce data In the program In two 
basic ways. 

As a self defining term 

As a number In numeric data notation 

2.6.1 SELF DEFINING TERHS 



A Self-Defining Term Is a constant whose value Is defined by 
its structure. The value of a Self-Oef i nlng Term Is constant 
throughout the program and Is not altered by the relative 
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2.0 LkUmmE STRUCTURE 
2*6.1 SELF OEFINIf^S TERHS 

position of the program In storage.- The Assembler uses two 
methods by which a Seif-Oef Ining Tern can be expressed^ 

al ks an unsigned string of binary t octal t decifiialt or 
hexadecimal characterst the first character of which isust be 
a dec i ma 1 d i gl tt wh I ch has the fol low! ng format s 

numer I eschar acter_str I ngC base > 

Base Is optionaff but when present it must be enclosed by 
parenthesis* 8ase may only be hexadecfma! C16>f decimal C10>t 
octal C8|, or binary (21* Any other value for base results In an 
error. The following examples Illustrate the numeric notation? 

ALPHA+0FF(16> «0FF{16|»» Is a Self-Oef I nf ng Term 
3^CNET.PAY) «3» Is a Self-Oef Ining Term 

The range of this form of Self-Oef InIng Term must be 
consistent with Its use In the program. 

b) As a Generalized Self*Oef I ning Term which has the following 
structure 

symbol* character-string* 

where the character string Is always enclosed by apostrophes 
and where ^symbol" Is one of the characters J 

S^ffliaol I^p£-.of«{imie£alIzed-.Salfz.QsfiQias^Ie!iis 

C CHMiCIEE^^SISlMSl Constant translated Into 8 bit 
ASCII code. The characters can be any of the 
characters In the Assembler character set**= Hote 
that a lower case letter will generate a different 
8 bit ASCII code than an upper case character. The 
maximum string length Is limited to one line and 
therefor cannot exceed 87 characters. 

Self-defining terms can assume a range of values (e*g» 
precision or storage occupied) depending on their type and usage. 
In all cases howevert the Internal representation of a 
self-defining term Is an Integral number of bytes* Uhen 
transTation from Input format to Internal representation occurst 
self-defining terms are expanded to the next nearest multiple of 
byteSf provided they do not exceed the maximum defined below. 



*Two consecutive quote marks In a C character 
string are used to Indicate a single guote within the string. 



2-9 

coc - mymcEQ systems oevelophent 

86/10/17 
CY8ER 180 ir Assembler ERS Revtf F 

2.0 LANGUAGE STROCTURE 
2.6.1 SELF OEFIMING TERMS 

Ourlng the expansion process § justification and filling fwhere 

required) also take place as defined^ 

I Type of I MInlniufu f Maxinjuui f I 

f Self-Oef Ininf | Size f Size I I 

j Terns f (Bytes) I (Bytes) I Justification I Filling 

4.^-- . .•—, — 4.* -«-.—. ■»■--.- — —--..4.-. — ^«-«— — , — -- ..^«— -^««« 

I Decimal I 8 I 8 | Right I Zero 

1 Hexadecimal I 1 I 8 I Right I Zero 

f Octal 1118 1 Right I Zero 

f Binary I 1 J 8 f Right f lero 

f C I 1 las needed! Left I Space 

A self-defining term used as a single term expression can 
assume any of the values described above. Mhen self-defining 
terras are used as part of a multi-term expression however » the 
following additional restrictions apply* 

a) When an address symbol is used only the byte offset for the 
address Is used. 81 t offset t if any, and section ordinal are 
di scardfid* 

b) The size of all numeric terms (decimal t hexadecimal t octal, 
binary, or string will foe 8 bytes when arithmetic operations 
are performed. Strings are right justified and truncated or 
zero filled as necessary to be 8 bytes and are treated as 
integer. When an expression contains operators, the result 
Is integer. Arithmetic operations are performed using 2*s 
complement arithmetic. When the expression contains only one 
term, the result Is that term (which is not converted in 
form). 

2.6.2 NUHERIC DATA NOTATION 



Numeric data can be specified in binary, octal, hexadecimal t 



or decimal notation 
Only decimal notation 
pseudo Instructions, 
floating point number 
point conversion is 
conversion program. 



with the IMT and OIHT pseudo instructions. 

is available with the FLOAT and OFLOAT 

The value is converted to an Integer or a 

in single or double precision. Floating 

performed by a CYBER 180 math library 

The actual representation of the output data 



Is beyond the scope of this document. 
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2.6*2 MUHERIC OAT.A IMOTATION 



ForfTjatss 

BatS-ItSl f sign I value \ modifier I 

sign Optiortal. 

^ or omitted The value Is posit I ve. 

The negative value is formed. 

value A series of binary^ octalt hex or decimal digits 
consisting of an integer (rec|ulredl» optional 
decimal point and optional fraction, or optional 
b a se • A n I nt e ge r va I ue ( f I xe d point) does not 
contain a point ♦ but may contain an optional base 
Indicator enclosed In parenthesis. The fixed point 
format Is thus a nuiRerlct self-defining term with a 
sign preceding. A floating point value Is noted by 
the occurrence of the point. If point occurs then 
base fiiay not occur and value Is decimal. 

An octal value can foe a maximum of 22 octal digits 
and cannot exceed 64 bits of significant data. A 
decimal value cannot exceed 5.2 x 10*^1232 In 
absolute value, used In a floating point pseudo 
Instruction. Extra significant digits cause a 
diagnostic. A hex value can be a maximum of 16 
digits. If value Is omitted. It is assumed to be 
zero. The actual minimum or maximum values 
permitted are further limited by the pseudo 
Instruction In which the data notation appears. 

modifier Associated with the value Is an optional exponent 
modifier. Exponent defines a power of 10 scale 
factor. 

Format is £, En, E^n, or E-n. 

Hhen the sign Is plus or omitted, the exponent (n) 
I s pos I t I ve . 

Hhen n is omitted. It Is assumed to be 0. The 
value of n cannot exceed 32767 and Is always a 
decimal Integer. 

A fixed point value can have 32-blts or 64-bits of 
precision and a floating point value can be 
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2.0 L.AMGUA.SE STRUCTURE 
2.6.2 HUHERIC OAT.A NOTATION 



generated In either single precision Cone wordl or 
double precision (two words) t depending on tNe 
pseudo instruction. 

The effect of the exponent is to multiply the value 
by 10 decimal raised to the n power or -n power* 
L 1 fill tat 1 ons of max I mum and ml n I mum va I ues and 
exponents may be found In the appropriate CY8ER 180 
math library documents. 



Examples! 



-21904 
3.14159 

l,7E-6 



316E missing base 

7F C 1 6 5 6- 3 va I ue mu s t be dec I ma I 

•2893 Interpreted as comments. 



2.7 EIESESSIQMS 



Entr 
interpr 
more te 
symbol I 

be ab I e 
The as 

def 1 n I t 
wh I ch 

express 
**eyalya 
express 
stateme 



les In sub- fie 
eted as expressi 
rms. A comma or 
c names appear 
to replace the 
sociatlon of a s 
Ion and Is descr 
the symbol 
can be re due 
expression", 
whose symb 
previous to 



all 
Ion 
ble 
Ion 
nts 



Ids of most source statements are 
ons consisting of a comb In art I on of one or 
blank terminates the expression* \4hen 
as terms In expressions the Assembler must 
symbolic name with Its associated value, 
ymbolic name with a value Is called symbol 
Ibed In Section 2.4. An expression In 
ic names can be evaluated (which means the 
ed to a single value! Is said to be an 
An *»absolute evaluable expression" Is an 
ollc name terms are all defined In 
the current statement. 



2.7.1 TERNS 



A term represents an evaluation made during the assembly 
process. A value Is assigned to a term either by the Assembler 
or the term may be self-defining <as In the case of a constant)* 

A term can be as 

Symbol that Is evaluable 

(One that Assembler can associate with a value) 

Se I f- def Inlng term 

Function reference 

Attributes 
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2,0 LANGyAGE STRUCTURE 
2.. 7.1 TERHS 



Register designator 
2.7*2 OROER OF EVALUATION 



Expression evaluation normally Is determlnad by the binding 
strength of the operators Involved. This can be altered by the 
yse of parenthesis* Terms inside of parenthesis are evaluated 
first* Parenthesis can be nested to any depth* and wilt be 
evaluated in the order of innermost to outermost* An expression 
such as INDEX^-^ or A0^{9*PAN>, is reduced to a single value as 
follows* 



a) 



b) 



c) 



The expression 
the expression 



takes on the attributes of the first 
from left to right* 



term In 



Each term Is given Its defined value. VI hen arithmetic 
operations are performed on a terfn lt*s Internal 
representation Is converted to Integer. Hhen strings are 
used as arithmetic terms they are truncated* If necessary* or 
r 1 ght just i f I ed w i th zer o fill* If necessary* to occupy B 
bytes and are treated as an Integer. 

Arithmetic operations are performed from left to right. 
Operations at the same parenthetical level within the highest 
binding strength are performed first. For example J 



VE-»-VX*AE/AX 

Is evaluated as VE+( (VX*AE )/AK) . 

d) Division always yields a truncated integer result and 
division by zero yields a zero result with a generated 
diagnostic. 

The operators processed by the Assembler during expression 
evaluation aret 
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2.0 LANGUAGE STRUCTURE 

2«7,2 ORDER OF EV-ALUATIOI 



+ 7 

7 

/ 7 



■vf- 5 

'^ 5 

/ 5 

+ 4 

4 

< 3 

> 3 

<- 3 

>= 3 

3 

/=^ 3 

€ 2 

t 1 

II 1 
note: 



EUBCtiQll 

Plus Curiary) 

Hinus lunar yt 

toxical HOT 
{unary) 



or Complement 



Biliary Shift {logical) 

Integer Multiply 

Integer Divide 

Integer Add 

Integer Subtract 

Lass Than 

Greater Than 

Less Than or Equal 

Greater Than or Equal 

Egual 

Not Equal 

Logical AMD 

Logical OR 

Logical Exclusive OR 



All operators are binary Cl.e.t require two operands) 

except the three specifically indicated as unary. These 
require only one operand. 

2.7.3 THE LOGICAL NOT OPERATOR 



The logical NOT or complement operator causes a one's 
complement of its operandt based on a length of 64 bits. 



ImliiQ 



&LQiLL:i.^Euul>i^l^JxL Oa&is.CQisalfisi&Et 
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2.0 LAHGUAGE SimjCWm 

2.7.3 THE LOGICAL ^T OPERATOR 



5 000. ••0101 111... 1010 

12 000. ..1100 111. ••0011 

2.7.4 LOGICAL ANO, OR, EXCLUSIVE Ot 



The logical AHOt OR, and exclyslve OR compare ti«/o operands *A*» 
and ••B'* as follows* 

.4.-..-.«-|..-.«.«.4f>— .--^-..— .-..4.— ..--..4. 

I A I 8 I £ 11 I II I 



f 



I r I t i 

Jill! 1 11 10 I 

f 1 I I 11 11 f 

I o I 1 f 11 J 1 I 

f I I 10 to I 

I I I f I t 



2.7.5 THE BINARY SHIFT OPERATOR 



The Binary Logical Stiift Operator determines the direction of 
shift based on the sign of the second operands a negative operand 
denotes a right shift and a positive operand denotes a left 
shift. For examples 7**C-*2) results in a logical right shift of 
two bit positions for the operand 7, Shifts are end-off with 
zero bit replacement. 

2.7.6 THE COMPARISON OPERATORS 



The result of any comparison produced by the comparison 
operators Is? False = O; True = !• 



EXAHPLES: 




£2^l2£&ssion 


talu& 


9>11 





/3=4 






3/= 4 



(9 is not greater than 111 

(the word- size value /3 Is 
equal to 11... 11 00 and Is not 
equal to 4; I.e., 00. •. 0100) 

(3 Is not equal to 4) 
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2.7*6 THE COHMRISON OPERATORS 

/C3=4> 11* a*!! (3 Is not equal to 4, so the 

result of the comparison is 
which MQTed becomes a word size 
value of all l«s* ) 

2 . 8 iaSQLyi£^ii^0.-SELQ£4IIiL£.I£SHS-li2«£Jl£E£SSIQiS 

Any ter« In an expression may be relocatable or absolute 
(non-relocatablel • k relocatable terro is one which represents 
the location of some piece of assembled code Ci«e« represents an 
address In the meiiiory of the computer I • Its symbol category 
would be 6« An example would be the label of a SSS statement • 

An absolute expression consists of either an absolute term or 
a combination of terms that» when evaluatedt has no relocation* 
An absolute term Is an absolute symbol or a constant* All 
operators may be used with absolute terms* Absolute terms are 
always internally represented In the Z*s complement number system 
(the number -0 does not exist in this systemi* ^h^n the 
Assembler Is generating object data for an I OU module the data is 
then converted to the l*s complement number ■ system at the time 
the data is output. 

A relocatable expression consists of a single relocatable term 
or a number of terms thatt when evaluated# has relocation* A 
relocatable term results when an absolute term is added to or 
subtracted from a relocatable term and the result is not negative 
and does not exceed the storage capacity of a section* All 
arithmetic operations may be performed on relocatable terms* If 
a relocatable term cannot result* then the relocatable term Is 
first concerted to an absolute term whose value Is the byte 
offset of the relocatable term and the result of the arithmetic 
operation Is an absolute term* 

If an absolute value is required of an expression* then It is 
converted to absolute value* A relocatable value is required 
only for certain operands of the ADDRESS pseudo Instruction* If 
an expression contains only a single term* the result Is that 
term and the result may be absolute* relocatable* or string* 
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3.0 £EQSMII-SI£y,CiyS£ 



This chapter describes the ganeral structure of a program* In 
some casesf It repeats Information described elsewhere and 
correlates It so that the prograinnner will obtain: a better 
understanding of how the program is assenibledt loadedt and 

executed. Some references are. made to the NOS/VE Loader but for 
a complete description of the loadert refer to the applicable 
MOS/¥E document. 

A CYBER 180 program consists of one or more modules that can 
be assembled separately* either in the same computer run or In 
Independent runs. The Assembler will assemble many modules from 
the same input file per call. These many program modules can all 
be written In the Assembler source languaget or can be written In 
any other source language available in the product set of the 
operating system as long as the compiler or Assembler produces 
relocatable binary output in a form acceptable to the MOS/VE 
loader. An Assembly language module is composed of statements 
beginning with an lOEHT pseudo instruction and ending with an ENO 
pseudo Instruction. 

The Assembler repertoire Includes pseudo Instructions that 
facilitate relocatable module linkage. Through these linkages* 
modules loaded together can transfer control to each other and 
can access common storage locations. 

The first topic considered In this chapter is the program 
module and how the Assembler and the programmer organize the 
object code Into program sections. Following this Is a brief 
description of the counters that control the sections. 

3 . 1 £gQ£giM«S£C:iIQiS 

A CT8ER 180 Assembly program Is a collection of statements 
which are translated via an assembly process* into a CYSER 180 
object module. Object modules resulting from separate 
assemblleSf or compilations by a CY8ER 180 Compiler CCYSILt 
FOR TRAM t etc. I can be combined* via a linking process* into a 
single object module* and may undergo further transformation Into 
a form capable of direct execution by the CY8ER 180 hardware. 

A set of statements between an IDENT pseudo instruction and an 
END pseudo instruction is a program module. A CPU program module 
can be divided Into sections having different attributes. For 
Instance* the CODE section has the attributes of READ and 
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3.1 PROGRAM SECTIOMS 

EXECUTE, while the MORKIHG section is REM and WRITE. The use of 
sections provides a weans of code protection. As assewifofy of a 
prograro module proceeds # the Assembler or the user designates 
that ■ object code be generated or that storage be reserved In- 
specific sections* 8y properly assigning code sequencest data, 
or reserved storage areas In blocks through use of ORG or USE* a 
programmer can IntermlK Instructions and data for the different 
sections. The Assembler assigns locations In- a section- 
consecutively as It encounters instructions destined for the 
sect 1 on • A symbol def I ned within a sec 1 1 on I s not 1 oca I to the 
section. That Ist It is global and can be referred to from any 
other section In the program. 

For the CPU there are several types of sections available, but 
for the lOU only one section Is permitted. Only a CPU module may 
contain SECTION or USE statements. If a CPU module does not 
contain a USE Instruction or If object code Is generated Cor 
storage reserved) before the first USE Instruction, the Assembler 
places the object code In the CODE sectiont which Is one of the 
five default sections* The user controls use of the 
default-sections and any user-established sections, through USE* 
ORG, and SECTIOM pseudo Instructions. 

3.1.1 OEFAULT SECTIONS 

The following Is a list of default sections and their 
attributes established for the user by the Assembler: 

CPU SECTIOHSS 

CODE READ^^EXECUTE 

HQRKING REAO+WRITE 

QIHOIHQ^ BINO^-REAO 

STACK'S^ REAO-i-MRITE 

lOU SECTIONS: 

CODE REAO+HRITE^EXECUTE 

* Symbols may be associated with addresses In these sections, 
but data may not be Initialized at assembly time except for 
the BINDING section In which pointers may be established 
through the use of the ADDRESS pseudo Instruction* 

3.1.2 THE BINDING SECTION 

The BINDING section Is a special purpose section whose 
function Is to permit access to data and code that Is either 
Internal or external to the current module. This Is accomplished 
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via pointers In the BII^OING section which are built by the HOS/VE 
Toader. In additlont the NQS/VE Lthrary_Generator may "bifid* 
iBodules together* Part of this ^binding* process consists- of 
consolidating the separate BINDING section of each module Into 
one comffion 8IM0ING section by eliminating redundant entries 
(pointers) In the BIHBIHG section. This means that "binding* 
Inherently requires that entries In the BINOIHG section foe *order 
Independent*. The user nust hectare to preserve this "order 
Independence'*. 

It Is recommended that reference to the pointers In the 
8IM0ING section be limited to the "load* type Instructions (See 
Section 7.3.11 or the CALLSEG Instruction. For these 
Instructions the Assembler Inherently generates "relocation* 
object text which penults the Library_Generator to adjust the 
displacement field of these Instructions to a new value as a 
result of module "binding*. 

The use of other CPU Instructions (e.g. AOORQ> or generation 
of data which contains a dIspTacement relative to the BINDING 
section Is permitted and the Assembler will generate the 
necessary "relocation* object text with the assumption that the 
field (displacement) being generated Is an unsigned positive 
field. If this assumption is not correct, the relocation 
attributes may be specified by the Intrinsic Relocation_f unction 
(R:> (See Section 5.1.9). If the relocation attributes cannot be 
specified by the relocation function (RS)* then the module cannot 
be bound and If the module is to be assembled without diagnostics 
the module must be declared "NOHBIf^OABLE* via the HACHINE 
statement (See Section 4.2.1). 

3 . 2 S£CIiQI^^£QHIEOL-.£Qy^I£S 

Each section has a section counter from which the byte offset 
from the beginning of the sect I on » and the bit offset In the 
current byte can be obtained. The Assembler automatically 
updates and maintains this counter when a section is first 
establlshedf or Its use is resumed. The current contents of the 
location counter may be returned as a relocatable value via the 
location counter function $ (dollar sign). 

The byte offset Is the relative location of the next byte to 
be assembled or reserved In the section. It Is possible to 
Increment the byte offset simply by using either ORG or 8SS 
pseudo Instructions. ORG also permits the programmer to reset 
the counter to some lower location in the section. The current 
byte offset can be referenced by using the function $(0). 
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3.2 SECTION CONTROL COUNTER 

The bit offset points to the next bit to be used in the 
current bytet and can range In valwe from to 7 for a CPU modufe 
and to 15 for an- lOU module. It can be referenced by using the 
function $(1 K 

3.2.1 FORCIMG PARCEL ALIGNNEMT 

A parcel Is the minimum Instruction size of either the CPU or 

100, For both the CPU and lOU a parcel Is Z bytes or 16 bits* 

The CTBER 180 hardware requires that all Instructions start on a 

parcel boundary. For the CPU this also means that the byte 
address of the instruction must be even. In a CYBER 180 Virtual 

Nachlne assemblyt If any of the following conditions are truet 
the Assembler forces parcel allgnrnent. 

Insufficient room reinains In a partially filled parcel for the 

next Instruction to be generated. 

The current statement Is anEMOt lOEHTt or ALIGN Of 2 pseudo 
Instruction* 
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4*0 £.S£UIlQ«iiSI£y£IIQSS 



Pseudo instructions are instructions needed by the programmer 

to write programst but for which there are no har<lware 

equivalents. 

Pseudo instructions discussed In this chapter are classified 
according to application as follows? 

Hodule Identification C lOENT and END I 

Binary control CMACHIME) 

Symbol assignment CEQUt SET, ANAHE, ATRIB) 

Module linkage fOEE, DEFG, UEf^ ALIAS and ADDRESS) 

Data generation C8SSZ, INT, OIHT, FLOAT, DFLOAT, POEC, CHO, 

VFO and TRUWC) 

Assembly control {00, ELSE, DENO, WHILE, and SKIPTOI 
Error control (ERROI?, FLAG) 

Listing control {LIST, PAGE, SPACE, TITLE, XRSY) 
Section control (SECTION, USE, ORG, POS, 8SS, ALIGN) 

Procedure/function pseudo Instructions (PROC, PEMD, PNAHE, 

FNAHE LOCAL, OPEN, CLOSE, CONT) 

In general, pseudo Instructions can be placed anywhere In a 
module* The following list of pseudo Instructions Is valid only 
for a CPU module. the presence of any of these Instructions In 
an lOU module will generate and error. 

ADDRESS ALIAS DEF OEFG DFLOAT DINT 
FLOAT IHFOHSG PDEC REF SECTION USE 

4.1 HQQyL£«lQ£yiI£iCMIQH 

Hodule Identification pseudo Instructions designate the 
beginning and end (IDENT-ENO) of a module). 
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4.0 PSEUOO INSTRUCTIONS 

4.1.1 lOENT - MOOOLE lOEflTIFICMIOH 



4.1.1 lOENT - MOOULE IDENTIFICATIOI^ 



An lOENT pseudo inst 

statemefit of a modyl 
Input statement must be 
of Infornnat Ion does 
s ta teme fit f o 1 1 ow I ng E 

statement. Only an 
statements before the E 
a n I OU o ve r f ay . A s s emfe 
END as an error* For a 

permits 3 operands. F 
blank* 



ruction of tl?e following form Is the first 

e recognized by the Assembler* The first 
an lOEMT or co:niment statement and if end 
not follow an EHO statement then the 
NO must be another lOENT or comment 
rOU module assembly periwlts several I OENT 
MO statement* where each XOENT Identifies 
ler flags any spurious use of I OENT before 
n I OU module on lyt the lOENT statement 
or a CPU module the argument field must be 



name 



entry 



origin 



lou no 



Mabel 

+ -■-. 

I name 



f opera 1 1 on I argument 

,.^^, — ^ — — 4.-. — . — -, — 

1 1 OENT 



lentryt or !gln» louno 



Name of the modulet It Is required and can be 1-31 
characters of which the first must be alphabetic as 
defined In Section 2*3. This name cannot be 
redefined* and may be used to reference the code 
section* 

(required for an lOU module^ h symbol specifying the 
lOU overlay entry address. Symbol category must be 
6* 

(required for an lOU module) An expression specifying 
the first word address of the lOU overlay. It must 
represent a valid lOU memory address C 0- OFFF ( 16 >) 
else an error Is diagnosed. 

(optional) Absolute expression specifying the number 
of the lOU on which the program Is to be \oaded» 



Example 5 

TEST lOENT .TEST Is the name of the module 

4.1.2 ENO - END MOOUtE 



An ENO pseudo instruction must be the last statement of each 
module* It causes the Assembler to terminate all counters* 
conditional assembly, procedure generation and code duplication. 
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4,1. ,2 END - END MODULE 



The Assembler combines all local blocks (sectionsJ into a 
relocatable subprogram blockt generates the relocatable binary 
tables and produces the listing. 



I label f operation larguroent 

■4..^: -«4.-«-— , — . -^..«-, — ««. — -. — .. ^^ — , — . 

Mabel lENO I tr a label 

label Optional f last address of the module. 

tralabel Optional t a 1-31 character sysibol specifyinf the 
entry point to which control transfers for a CPU 
module* Tralabel Is Invalid In an I Oil module and 
must be omitted. This symbol must be declared as an 
entry point In the Clinked) €Pii module* either by a 
OEF* DEFGf or REF pseudo Instruction In this module. 
At least one module must specify a transfer address 
or the loader signals an error. If more than one 
module Indicates a transfer address 9 then the loader 
uses the first one encounter ed» 

Example? 

ENO START .START is the transfer label 

4.2 MHMI>£QtilISQL 

This section describes a pseudo Instruction that allows the 
user to control the binary output produced by the Assembler. 

4.2. 1 HACHINE - DECLARE OBJECT PI?OCESSOR TYPE 

The HACHIHE pseudo Instruction specifies the type of computer 
processor on which the object prografn can be executed. A HACHINE 
statement must appear before any generated code. The MACHINE 
pseudo instruction also Identifies which instruction mnemonics 
are permitted (CPU or lOU) and which type of object text to 
generate (CPU or lOU). No more than one HACHIHE pseudo 
Instruction may appear within any assembly unit (lOENT-END) . 

Mabel I operation I argument 
I IHACHINE I type, bind 

type C180CPU The object processor Is a CYBEI? 180 CPU 
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4.2.1 HACHIME - DECLARE OBJECT PROCESSOR TYPE 

C defaults. The Asseiibler will accept CPU 
Instruction mnemonics and v#i 1 1 generate CPU 
object text. 

CISOIOO The object processor Is a CYBER 180 lOU. The 
A s semb I er w i 1 T accep t I OU ! ns tr yc t i on 
mnemonics and will generate lOU object text. 
Negative nymfoers In the generated data will be 
In l»s complement form C since the lOU is a l*s 
complement processor). 

Ho other type Is available at this time. 

bind This subfleld Is applicable only if type is C180CPU. 

8INDA8LE COEFAULT) The Assembler wi}} generate 
additional object text to permit the 
L!brary_generator to "bind* the module. If 
the other statements in the module do not 
conform to the rules for •'bindable'* code then 
a FATAL diagnostic will be Issued for each of 
these statements (See Section 5.1*9), 

MOMBIHOAELE The object text generated will have the 
*non-blndable** attribyte set* No diagnostics 
will occur If the rules for ^blndable* code 
are not followed. The Llbrary^generator will 
abort If an attempt Is made to "bind* this 
mody I e * 

Examples 

MACHINE C180CPU .Binary Is for a CYBER ISO CPU 

4.3 SIMfiQL-.IS51£MHeiI 

The pseudo instructions SET and EQU permit direct assignment 
of values to symbols. The values can be absolute or relocatable. 
Subsequent use of the symbol in an expression produces the same 
result as if the value had been used as a constant. Symbols 
defined using EQU cannot be redefined. 

Any symbol may be given one or more programmer defined 
attributes by using the AMAHE pseudo Instruction to define an 
attribute namet and then using the ATRIS pseudo Instruction which 
assigns a specific value to a specific symbol. Once deflnedt the 
attribute function may be used to recover the attribyte value 
assigned to the argument. 
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4,3«1 SEJ/EQU - ASSIGNMENT OF VALOES: 



4.3.1 SET/EaU - ASSIGNHEnT OF VALUES 

A SET or EOil pseudo Instruct Ion defln:es the symbol in- the 
label field as having the value and attributes Indicated by the 
expressions in the argument field. The difference betv^een SET 
an4 EQU Is that syiibols defined with an EQU cannot be redefined» 
whereas symbols defined with a SET may be redefined with a 
subsequent SET any number of times. 

1 1 a be 1 f ope r a 1 1 o n I a r g ume n t 

^, — . ^^«««««-«-«.^««I., -— «^^« — «--^«- 

Mabel I SET I list 
I label lEQU Hist 



label (Required) A list of one or more symbols* or symbol 
element number Identifiers to which the argument 
field list IS a s s I g ned • It will have a symbo I 

category of 9. 

list Evaluatable expressions. The expressions cannot 
include symbols as yet undefined. The maxirnum value 
of a list element cannot exceed 64 bits 
COFFFFFFFFFFFFFFFFC 16H« When the first element in 
the list is a symbo It the attributes of that symbol 
will replace the attributes of the symbol in the 
label field. 

Any symbol in the label field cannot be referred to prior to 
its first definition. 

The SET and EQO pseudo instructions assign a list of values to 
the symboHs) In the label field. The list must contain only 
evaluable expressions at the time the pseudo instruction Is 
processed by the Assembler. The label field may consist of list 
names (symbols) or list element identifiers. 

List elements are referenced using the form: 

I i St name! e lement number I 

where listname is the name of the list* and element number is an 
evaluable expression denoting a particular element in the listt 
wheret for an n element listt element number = 0* 1» 2f...fn~l* 
A negative element number is diagnosed as an error. 

A SET or EQU pseudo Instruction within a PROCEDURE is 
processed by the Assembler only when the PROCEDURE is referenced 
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4.3,1 SET/EQU - .ASSIGNMENT OE VAiUES- 

and not when the PROCEOURE Is defined. The express"tofi.s which 
comprise the list elements must be evaluable therefore « only when 
the PROCEOURE is referenced. 

h particular ■ I f St elef»ent may have a value of ZERO or NULL 
depending on how that element Is defined. A null element Is 
assigned to a list whenever a position for a list elefflent is 
Indicated with appropriate commas t but the position Is devoid of 
contents. A null list element has the numeric value zero when 
used computationally. Null eleiBents may be transferred from one 
1 1st to another. 

The argument field Is completely processed and for each 
subfleld In the argument list the valuB Is assigned to the 
corresponding value element of each of the symbolic names In the 
label field. If a list Is speclfled» It Is replaced completely 
by the argument. If a list element is specif led # replacement Is 
on an element by element basis. The designated element Is 
replaced by the first argument list valuet and succeeding 
elements being replaced by the corresponding argument value. 

A SET 3,5,7,12,15 

Uhen this pseudo Instruction Is processed by the Assemblerf 
the label "A** Is associated with the list 3,5,7,12,15. The 

elements and their values ares 



AfOI 


= 3 


AIll 


^ 5 


A12I 


« 7 


AI31 


= 12 


A14I 


= 15 


AC5I 


= 



(Null) 



Following the previous pseudo Instruction, we could then give 
the p se udo I n s t r uc 1 1 ons s 



AIll 


SET 


42 


At 41 


SET 


17 


AI5} 


SET 


8 



And the list associated with "A" would then be 

AlOl = 3 

Am =- 42 

AI2I = 7 

Af3l =^ 12 
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4.3.1 SET/EQU * ASSISHMENT OF VALUES 



A14I ^ 17 

A!6l ^ .CNyin 



X,Y 



SET 



SUM+3»12,SUH-^7,6 



In tNis caset the symbol SUH nuust have been previously 

defined* If its vaTue were 50» then the AssembTer ■ would 

establTsh two lists X aod Y which would both be associated with 
the list* 

53,12,57,6 

In addition, any previous list associated with either X or Y 

would be erased* The following Instructions iriay then be given: 



z 


SET 


X 


KIOI 


SET 


SOH+l 


11 


SET 


X 


X 


SET 


5,3,1 



After these pseudo instructions have been executed, the lists 

appear ass 

X - 5,3,1 
Y = 53,12,57,6 
I = 53,12,57,6 
ZZ = 51,12,57,6 

£2ia!iala-.i2 

BINO^REG EQU A3 .points to the binding segment 
T£HP_R£G SET A5 .temporary working register 

BINO^REG now Is equal to 3 and has the attributes of #AREG* 
The symbol 8 IHO^REG cannot be redefined. TEHP^REG Is equal to A5 
and has the attributes of #AREG. TEMP_REG can be changed with a 
subsequent SET. 

Eisafljjala^Ii 



A SET 0,1,2,3,4 
At 2 1 SET 5,6 



results in the list! 

A = 0,1,5,6,4 
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The pseudo i f?stryctf o«s 

All} SET ,,10f»ll 

modifies the list tot 
A - 0,,,10,,11 

4.3.2 ANAHE DIRECTIVE 



The ANAHE pseudo i lis tract Ion Is used to defifie a programmer 
defined attribute name and to assign a particular attribute 
number to that name, A particular attribute number may have 
several names associated with It by using ANAHE more than once, 

^--™. — -- .+ ^•— « — -4-«««. — •- . — --.-. — ^«— — «-.- 

1 1 abe I I oper at i on ! argument 

1 I abe 1 \ ANAHE I va I ue 



label A previously undefined symbol, 

value Eva I ua table expression whose value can be any 
positive Integer, 

4,3,3 ATRIB DIRECTIVE 

The purpose of the ATRIB pseudo Instruction Is to assign a 
value to the programmer defined attribute of a particular symbol. 
The symbol to which the attribute value is assigned Is the symbol 
In the LABEL field. If the symbol In the LABEL field of this 
pseudo Instruction Is not previously deflnedt It will be placed 
In the permanent symbol table and given a symbol category of 1 t 
and the specified attribute assigned to It, If the symbol In the 
LABEL field has been previously deflnedt the value Is assigned to 
the attribute of the symbol and replaces any previous value 
assigned to that symbol for that attribute. Normally t a symbol 
must be defined before attribute values are assigned to that 
symbol. An exception occurs when PROCEDURES are executed while a 
source statement Is being processed, 

+- -. — ^ . — : ^ , . . . 

Mabel I operation I argument 

+— — «««--.+. ««---—+«« — — «« . — --« — ^« — --. 

Ilabel IATRI8 fattrlbute, value 
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4.3.3 ATRI8 DIRECTIVE 

I abe I A 1 abe I f ! e I d sy mb o ! 1 s r equ I r ed • 

attribute A previously defined Cusing the ANAME 

pseudo instruction) programmer defined 
attribute name. 

value Eva I ua table expression. 

4.3.4 use OF THE ANAHE AMO ATRI8 PSEUOO IMSTRUCTIONS 

. CONSIDER THE FOLLOWING SEQUENCE OF DIRECTIVES: 

INOEX. ANAHE I 
BASE AHAHE 2 

• At this point wa have defined two programmer defined 

. attributes INDEX and 8ASE. Any synnibol can now have values 
. assigned to these attributes. 

• SM81 ATRI8 INDEX, 5 
SM81 ATRIB BASE,0AC16J 

. At this point, the INDEX attribute of SHSl Is 5 

• and the BASE attribute of SM81 is a hexadecimal A. 

SM81 ATRI8 INOEXfO 
SM81 ATRI6 BASE, 2 

• At this point the INDEX and BASE attributes of SM81 have been 
. reassigned to the values: 

INDEXISHBll = 
BASEISH81I = 2 

• Attributes may be used as terms of an expression. 

JA SET BASEISMBll 
JB EQU INOEXISHBll 

4.4 MQDyL£-Li!^EM£ 

The pseudo instructions OEF, DEFG, and REF are valid only In 
CPU modules, and are used to denote entry pointst either in the 
current module or a separately assembled/compiled module. A 
symbol flagged as an entry point denotes an address representing 
data or code, which can be referenced by other modules* It is 
through the use of entry points that the MOS/VE loader Is able to 
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link modules together. See the appropriate NOS/VE loader 
document for complete details. 

4.4.1 DEFtOEFG-OeCtARE EWTRf SYHBOtS 

The 9EF and OEFG pseudo Instryctions define symbols as' entry 
points In the current CPU module. OEFG pseudo Instryctlon 

defines symbols as gated entry points. (Gated entry points are 

explained further In the MOS/¥E loader docufnentatlon. I 

+-*— ^ — -- ..-^*-. — , •, — ^«*-, — ^-«-«-«--— — --- .— « 

f label foperatlon f argument 

+*-. — , — -. — ^-^ — «. «= — «i— -1— «—«-.«—. — « — — « 

f I OEF I syml f sym2f • . . , symn 
I I OEFG I synil t sym2 9 mm m » symn 

syml (Required) Linkage symbol from 1-31 characters of 
which the first must be alphabetic as defined In 
section 2.4. (.Also see ALIAS statement*) Emch 
symbol must be further defined in the module as a 
relocatable address (catagory 6). The symbol may not 
be a LOCAL or OPENED symbol. The appearance of the 
same symbol more than once In a OEF or OEFG is not an 
errort but the symbol may not appear In both a OEF 
and OEFG statement. 

Examples 

OEF PRGl «PRG1 is a symbol In this compilation unit. 

4.4.2 REF-OECLARE EXTERNAL SYHBOLS 

The REF pseudo Instruction lists symbols that are defined as 
entry points in Independently compiled or assembled CPU modules 
for which references can appear In the module being assembled. 

^- — -*«— -^-, «-.«.««-.4-«- — «-, — , — --«-.^ — -- — -.---• 

I label loperation I argument 

f 1 REF I syml 9 sym2f . • • t symn 

syml (Required) Linkage symbol, 1-31 characters of which 
the first must be alphabetic as defined In Section 
2.4. These symbols must not be further defined 
within the module being assembled. Note that It Is 
still possible to have new definitions for the symbol 
by using LOCAL or OPEN statements. (Also see ALIAS 
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statefuer^t* ) 

Symbols rfiay foe declared in a REE statement prior- to or 
sybseqye?»t to their use In the program. They must fee global 
symbol s» and cannot have been declared OPEN or LOCAL. Symbols 
which are declared In a REE pseudo instruction are assumed to be 
relocatable and their use in expressions must follovi^ the rules 
for relocatabf I Ity. Any further definition of a REE symbol will 
be diagnosed as an error m 

Example; 

REE TAGX .TAGX IS AN ENTRY POINT IN A DIEFERENT 
.ASSEHBLY/COHPILATIOH UMIT. 

4.4.3 ALIAS - EQUATE LINKAGE SYH80LS 



The ALIAS pseudo Instruction gives the programmer the ability 
to declare entry points with names other that that used within 
the current CPU module. 

f label loperation farguinent 
f n ame 1 I AL I A S In ame2 



namel 1-31 character linkage symbol used by the Assembler. 
This symbol must be further defined In the module as 

a OEE, OEEGf or I^EF symbol. 

name2. 1-31 character CYBER 180 linkage symbol. This symbol 

Is not restricted by the limits of symbol definition 
In Section 2.4. The symbol must consist of 
alphabetic or numeric char act erst the first of which 
must be alphabetic. The colon may not be used as one 



of the characters* 



EKamp}^ 



TAG ALIAS TAGFORALOHGNAHE .TAG FOR A LONG NAME IS 

.DEFINED IN A OIEFERENT 
.COHPILATION UHIT. 

4.4.4 ADDRESS - FORH CYBER 180 ADDRESS 

The ADDRESS pseudo instruction enables the generation of 



4- 1 2 

COC - ADVANCED SYSTEMS OEV€tOPH€MT 

86/10/17 

CY9ER 180 II Assembler ERS Revs F 

4,0 PSEUOO INSTRUCTIONS 

4«4«4 ADDRESS - FOtH CYBEI? 180 ADDRESS 



references to fyl! Process Virtual Address CPVA's) In a CPU 
modulet to be filled in by the NQS/VE Loader. General lyt ttifs 
pseydo Instruction Is used In the SINOIMG section to form 
pointers* 



4--- ■ 4. — , ^«.-= — 4.—. — — .«-«^. . «« — ««« 

1 1 abe I I ope ra tl on I argtiment 

4.—-^ — ^—--4. -, — - — -.4.. — . — -, — , — .«-., — ^ — -^ . 

I 1 abe I I ADORE SS I typ 1 1 sy ml » • • • t typn t symn 

Tabel Optional ♦ symbol assigned the value of the beginning 
of the address list. Sypdbol category e<|uals 6« 

typi Type designating the address Insertion type* It can 
have only the following values else an Brror Is 
diagnosed? 

P - (Pointer) Creates a pointer CPVAJ to the 
specified address. The generated object code Is 
one word long and Is word aligned relative to the 
section origin. The PVA Is stored In the 
generated object code right justified with zero 
fill. 

C - CCode Base Pointer) Used for linking procedures* 
The format for the PVA is one word of generated 
object code for Internal symbolSf and two words 
of generated object code for external symbols* 
The generated object code is always word aligned 
relative to the section origin with the PVA being 
right Justified with zero fill. 

CI- (Code Base Pointer Internal Format) Generates 
object code for a code base pointer In Internal 
format tl word) for the symbolt without regard as 
to whether the symbol Is Internal or external* 
The generated object code Is word aligned 
relative to the section origin with the PVA being 
right justified with zero fill. 

C£- (Code Base Pointer External Format) Generates 
object code for a code base pointer In external 
format (2 words) for the symbolt without regard 
as to whether the symbol is Internal or external* 
The generated object code Is word aligned 
relative to the section origin with the PVA being 
right justified and zero filled. 

R - (Relative) Generates object code for a PVA which 
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points to a symbol with an offset. The length of 
the generated object code Is 8 bytes In the 
binding sect! on § or 6 bytes In any other section. 
The generated object code Is v^ord aligned 
relative to the section origin v^hen in the 
binding section with the PVA being right 
justified with zero fill. When not In the 
binding sectlont the generated object code Is 
byte aligned* 

syml Eol lowing each TYPI subfleld there must be a singlet 
corresponding SYHI subfleld which contains a symbol 
or expression which identifies the Internal or 
external location for which a PVA Is to be created. 
Expressions are permitted only when TYPI Is R» 

Example: 

USE BIMOING 
REF TESTOATA 
TAG ADDRESS CTESTDATA .GENERATES A 2 UORD FVA FOR TESTDATA 
USE iLASTSEC .WHICH IS IN A DIFFERENT HOOULE. 

4.5 QAIl^SEMEglllQtl 

The Instructions described In this section are the only pseudo 
instructions that generate data. All other program data Is 
generated through symbolic machine Instructions. 

4.5.1 flSSZ-RESER^E ZEROED STORAGE 

The ESSZ pseudo Instruction generates zeroed bytes of data In 
the section of a CPU module currently In use or it generates 
zeroed 16-bit words of storage In an lOU module. 

llabel 1 operation I argument 
! label I 8SSZ laexp 



label Optional f label defined as the byte offset In the 
section after the appropriate alignment occurs. The 
symbol Identifies the beginning of the reserved 
storage area. 

aexp Absolute evaluable expression specifying the number 

of zeroed units (bytes for CPU or words for lOU) of 
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storage to be reserved* The expression^ cannot 
contain external symbols or result in a relocatable 

or negative value. 

A 8SSZ or an erroneous expression causes a force to a unit 
boundary (byte for CPU or word for IQU) and tbe symbol 

definition, but no storage Is reserved* If storage Is to be 
reserved In a CPU module starting at a word* ha If word* or parcel^ 
boundary* then the 8SSZ must be pre€e<Sed by one of the 
appropriate alignment pseudo Instructions* 

ExaiBple? 

ALIGN 0,8 •FORCE BYTE OFFSET TO A WORO BOUHOARY. 
TAG BSSZ 10 .RESERVES 10 BYTES OF ZEROES. 

4.5.2 IMT - GENERATE INTEGERS 

The INT pseudo Instruction generates one or wore 32-bit 
Integers on a byte boundary In the current section of a CPU 
module for each Item listed in the argument field or It generates 
one or more 16-'bit Integers on a word boundary In an lOU module 
for each Item listed In the argument field. 

^-. -.-. — +^<--^ , — — + — ---, — — -— -, — - 

! label loperatlon larguiwent 

^-, . 4.-: — -. — : <.— . -—-—-, — — --: 

I label I INT 1 1 teml, Ite?p2,. *., itemn 

label Optional, symbol Is assigned the byte offset In the 
section after the force to the appropriate boundary 
occurs. Symbol category equals 6. 

itew! Numeric data I tern* Value of the numeric data Item 
cannot exceed the storage capacity of the Item being 
generated. 

Examples 

TAG INT 1,2,3 

4.5.3 OIHT - GENERATE 64-8IT INTEGERS 

The OINT pseudo Instruction generates one 64-blt Integer on a 
byte boundary In the current section of a CPU module for each 
Item In the argument field. 
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Mabel loperation fargyment 

^ : — . — -.4. — „«. — «, ^ — •, — -«. ^«-.— « ^ 

i ! abe I I 1 H T M t efi?l # ! teml t • • « # ! t e»r» 

Tabel Optional # symbol assigned the byte offset In the 
section after the force to a byte boundary occurs* 
Symbol category equals 6* 

Item! Numeric data iten* 

Exanpfe; 

TAG Olf^T 1,2,3 

4.5.4 FLOAT - GENERATE SINGLE PRECISION FLOATING-POINT HUH8ERS 

The FLOAT pseudo instruct ton generates one 64-blt floating 
point number on a byte boundary in the current section of a CPU 
module for each Item listed In the argument field* Mote that 
floating point numbers entered Mith a decimal point must have a 
digit preceding the period (else the remainder of the statement 
Villi I be Interpreted as comnjents). 

I label loperatlon I argument 

I label I FLOAT I I teml, I tem2,. . • , Itemn 

label Optional synsbol assigned the byte offset In the 
section after the force to a byte boundary occurs. 
Symbol category equals 6. 

item! Numeric data I tern. Value of numeric data Item cannot 
exceed the storage capacity of a single precision 
(64-blt) floating point Item. Conversion of the 
numeric data I tern Into the Internal floating point 
representation Is performed by a CYBER 180 math 
Hbray program. Consult the appropriate CY8ER 180 
math llbray documentation for further information. 

Examples 

TAG FLOAT 1 . 347E-6, 0,-6. 3416E 12,1. 
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4.5.5 OFLOAT - GENERATE DOUBLE PRECISION FLOATING-POINT HUHBERS 



The OFLOAT pseydo Instruction generates one double precislont 
128-151 1 floating point nomber on a byte boundary In tbe current 

section of a CPU module for each item listed In the ar<|uiiient 
field. Note that floating point numbers entered with a decimal 
point must have a digit preceding the period felse the remainder 

of the statement Is interpreted as coiroents). 



1 1 abe I I ope rat I on I ar guinent 

*- --.-I.-. ««-, — ^.-— — ««« — . — -».^, — -..^-«««- 

I label IDFLOAT f Iteml # itef!i2f * • • I temn 

label Optional symbol assigned the byte offset In the 
section after the force to a byte boundary occurs. 
Symbol category eguals 6. 

I tern I Numeric data item. The value of the numeric data 
Item must be within the limits of the storage 
capacity of the Item being generated. Conversion of 
the Item Into Internal floating point representation 
Is performed by a CYBER 180 math library program. 
Consult the appropriate CYBER 180 math library 
documentation for further Information. 

Example! 

TAG OFLOAT -22. 661, 6. 87701E-14,1E3, 0.00000001 762 

4.5.6 POEC - GENERATE PACKED OECIHAL OATA 



The POEC pseudo Instruction generates packed decimal data on a 
byte boundary for the length of the field desired. 

Mabel foperatlon largument 
Mabel I POEC |C« string* 

label Optional symbol assigned the byte offset in the 
section after the force to a byte boundary occurs. 
Symbol category eguals 6. 

string Signed or unsigned numeric decimal character string 
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Is required. Any other argament type Is diagfiosed as 
aft error. Each character in the string generates a 

4-blt code* Only the characters 0-9 and ^ or - are 
perifiitted. Any other characters In the string are 
diagnosed as an error. The sign character 1+ or -) 
nust be the last (rightmost) character. If the data 
Is to be used by a SOP Instruction the user nust 
Insure that the contents of the generated object code 
fit the regulrefflents of the SOP type designator (See 
Section 7.4). 

Examp 1 e * 

TAG POEC Cn234« 

4.5.7 CMO - GENERATE BIT STRING 

The CHO pseudo Instruction Is a single statement form of 
PROCEOURE. The output of the CMD pseudo Instruction Is a string 
of binary bits together with appropriate control Inform at ton for 
the CYBER 180 LOADER. The length of the binary bit string Is 
controlled by the * length list* and the contents of the binary 
bit string are controlled by the «value list". Both the "length 
list* and the ''value list* can contain multiple subfleldst 
provided that the total bit string produced Is greater than zero 
and less than or equal to IQZ^ bits. 

+«-.—•, — -•^-»«-.. . — ^ --«««-. «^-««». ««.-«„«« 

f label loperatlon largument 

Mabel ICHO, l^lst Iv^lst 

label A label field symbol Is required. It Is used to 
define the OPERATION field name by which this 
particular CHO definition will be referenced In 
subsequent statements of the program. The CHO 
statement must appear prior to any reference to the 
operation It defines and may not appear within a 
PROCEDURE definition. The Coptlonall label 
appearing on a line referencing a CHO defined 
operation will be associated with the generated bit 
string. Symbol category equals 6. 

l-lst The length list is a list of evaluable expressions 
whose value represents the length In blts» of each 
argument field element to be generated by the 
Assembler. This list Is ordered from left to right. 
If the value of the "l^lst" causes an overflow of 
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the sect font counter t then an error will be 
diagnosed. 

v_1st In one-to-one correspondence with the * length list* 
IS a "value f!st*» which Is a list of expressions 
which determines the HJlUfs assigned to the 
corresponding element of the "length list*. If 
number of elements In "l.lst* does not match the 
number of elements In *v_lst* then an error is 
diagnosed* If the value of a ^v^lst* element 
exceeds- the storage capacity allocated by the 
corresponding *»l_lst«» e Tenien tf then an error aiay or 
may not be diagnosed depending on the use of the 
TRUMC statement C See Section 4.5»9>» 



Exaiy^p 1 e s C A 1 so see the sec t i on on PROCEOU'RE S ) 

LA €H0,8,4,4,16 84C16),FS (2, 1) ,FS (2,0r,F5 (2,2) 

4.5.8 ¥F0 - VARIABLE FIELD OEFI.NITIOi^ 

The VFO pseudo Instruction generates a string of binary bits. 
The C optional) label Is associated with the data string. 

The difference between the CNO and VFO pseudo Instructions Is 
that the CHQ pseudo Instruction Is a template which does not 
generate output until called, whereas the VFO pseudo Instruction 
generates output when It Is encountered. 

+«, . — ---4.-«-«: — ..--4- — « «— «««. ^-^- 

1 1 abe 1 I ope r a 1 1 on | ar gumen t 

Mabel I VFO, U 1st Jv^lst 



label Optional symbol assigned the byte offset In the 
section. 

l_lst A list of evaluable expressions which represent the 
length In bits of each subfleld to be constructed. 
This list Is ordered from left to right. If length 
list causes an overflow of the section counter then 
an error will be diagnosed. 

v_lst In one-to-one correspondence with the length list Is 
a list of expressions which determine the value 
assigned to the elements of the length list. If the 
number of elements of "l^lst** does not match the 
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noffiber of elements of '^v^lst* then an error is 
diagnosed* If the value of the ^v^lst" element 

exc e e d s the s tor a §e cap ac I ty " specified by t he 
corresponding "l^fst** eleiiientf then an error may or 
may not be diagnosed depending on the use of the 

TRUHC St atement C See Sect ! on ■ 4 . 5. 91 • 

ExawpTe* 

LISTl VFD, 8, 16,8,3*8 1 ,4FC16) ,6,C» A8C» 

4.5.9 TRUNC - TRUNCATE 



The TRUNC pseudo instruct I on Is used to indicate what action 
is to be taken. If It Is necessary to truncate a value In order 
to enable It to fit Into a field specified by a CHO or VFO pseudo 
Instruction. 

.§.«, — , — -«-.-+«--.. — «^— 4.-.«». — .-.. — .«.«.-.«— ^ — ««.-« 
I label foperation | argument 

I ITRUMC lvalue 

value Value is one of the numbers and 1 which have the 
following meaning: 

05 Truncate and do not associate an error flag 
with the data generated. 

It Truncate and flag the word generated as In 
error. 

An attempt will always be made to fit the significant bits of 
a value Into a field. When type 1 truncation Is specified, the 
elimination of an unbroken string of non-slgnif leant zeros or 
elimination of an unbroken string of l*s In the case of a 
negative number. Is not considered to be an error* When 
character data is truncated, trailing blanks are not considered 
an error* 

Hore than one TRUNC pseudo instruction may appear in a 
progranra. The most recently encountered TRUNC pseudo Instruction 
wl 1 1 be used. If no TRUNC pseudo Instruction appears In a 
program, "type 0" truncation will be used. 



Example 



TRUNC 



.FLAG TRUNCATION ERRORS. 
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4.5, 10 IHFOHSG 



The IMFOMSG pseudo Instruction Is used to control-': the 
generation of the Inforfnatlve Diagnostic Issued when data 
generation occurs In the BINDING or STACK sections of a CPU 
module.^ 

Mabel I operation I argument 

4-.^. -.«^-. — «- — 4.-, — — — -^«-.^ — —-.•-*-«« 

I IINFONSG lvalue 



value - tISTOM - Turns generation of error message on 
Cdefaultl. 



Example 



- blank - Suppresses generation of error message* 



:NF0HSG tISTON .FLAG DATA GEMERATfOH ERRORS. 



^ Data cannot be initialized In the Binding and Stack sections 
at assembly timet with the exception of the AODf?ESS pseudo 
Instruction which can be used In the Binding section* 

4 . 6 lSS£MILX^£.QiISaL 

4.6.1 00/ELSE/DEND PSEUOO INSTRUCTIONS 



This group of pseudo Instructions is used for conditional 
Iterative control of Assembler processing* The format of these 
pseudo Instructions Is: 

.^^- — . -+ -^ ^ . , — . — : -^ 

I label loperation f argument 

+ — . -««-+^« — «--.«— ^« --.««—-..— , — «, ^«~. 

Mabel fDO I express ion 
I lELSE I 
Mabel I DEMO | 

label Optional label that Is assigned the value of the 
expression when used on the 00 statement* It Is not 
valid on the ELSE pseudo instruction, yhen specified 
on a DENDf a cycle effect can be created by using a 
SKIPTO LABEL instruction* The label of a OEHD 
statement Is never entered In the Assembler's symbol 
table and the presence of a label field Is used only 
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as the object of a SKIPTO. 

expression- Expressfoo must foe absolute and evaltiable* This 
expression represents the nufiber ■ of times the DO loop 
will be execyted. If no expression Is present # the 
argument of the 00- i«illl be treated as 0» A boolean 
condition can be specified for conditional assembly 
of code* 

A OENO pseudo operation must be associated with each DO pseydo 
operation written* However t the ELSE need not be presenttbut If 
deslredf must occur between the 00 and DEf^O* 

The DO pseudo operation operates as follows^ 

a) An Internal counter Is set up and Initially given the value 

of 0. 

b) If a label is present on the 00 line* Its value Is set to 0* 

c) The expression on the 00 line Is evaluated* Denote the 
results of this calculation by n* (If no expression was 
present or the expression was not evaluablet n - 0)* 

d) If n ^ Of skip succeeding lines until an ELSE or OENO pseudo 
operation Is encountered* 

1) If an ELSE pseudo operation Is encounteredt assemble 

succeeding statements until a DEMO line Is encountered* 
Continue assembly at the statement after the OENO line* 

2) If a OENO pseudo operation Is encountered* resume 
assembly at the statement following the OENO line* 

e) If n > Ot the following action occurs s 

II Increment the Internal counter by 1* 

21 If a label was present on the DO line* set the value of 
the label equal to the new value of the Internal counter* 

3) Assemble all lines until an ELSE or OENO pseudo operation 
Is encountered* 

4) Compare the Internal counter to n* 

a) If the count Is less than n, repeat the procedure 
from step Ce)* This causes the count to be 
Incremented, and resumes assembly of the statements 
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followifif the 00* 

If the count Is equal to nt terminate control of the 

00 pseudo operation and resume assembly at the Tine 
immediately following the OEMO, skipping all 

statements be tvf^een the ELSE and OENO- If necessary. 



Example* 

. EXAHPLE 1) 



The following code will assemfole one 64-folt word 
with a value of X factorial. If X is negative or 
zerot then a word with value zero Is assembled 
Instead: 



PROCESSED X TIHES IF I>0 
PRQCESSEO OMCE IF X:^0 



VF0,64 FACT 

EKAHPLE 21 The following code wM! assefible ?l+l 64-blt words 
whose values are Of...fH where M can be either 
positive or negative. The Inner DO block Is 
processed only If H<0. 



FACT 


SET 


1 


I 


00 


X 


FACT 


SET 

ELSE 


FACT*! 


FACT 


SET 






¥FD,64 

00 H 

VF0,64 I 

ELSE 

DO -N 

VF0,64 -J 

OEMO 

OENO 



PROCESSED H TIMES IF N>0 
PROCESSEO -N TIMES IF H<0 



If 



3 the above code Is equivalent to 
\fF0,16 
VF0»16 1 
VF0,16 2 
VF0,16 3 



If N=-2 the example code Is equivalent to: 

yFoa6 

VF0,16 -1 
VF0,16 -2 
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4.6.2 MHILE/ELSi/OENO PSEUOO IMSTRUCTIONS 



The format of these pseudo Instructions ares 

4. — — , — -««+ ^ ^— ««^^«-«— « .«.^«— «-.-.-, — « 

f label loperatlon largument 

} I a be I I VIH 1 1 E f expre s s I on 
I lELSE f 
f label lOEHO | 

Label and expression have the same meaning as In the 00 pseudo 
operation. Howevert there Is no lliult placed on the value of the 

expression* 

The execution of the WHILE loop Is similar to that of the 00, 
except that the expression Is evaluated for each Iteration In the 
loop. 

The WHILE pseudo operation Is performed as followsJ 

a) An Internal counter Is set up and InitlaHy Is given the 
value 0. 

b) If a label is present on the HHILE 1 1 net Its value Is set to 

0. 

c) The expression of the l^HILE line Is evaluated. Denote the 
results of this evaluation by m. (If no eKpresslon Is 
presentf or the expression Is not evaluablet m - 0.) 

d) If m £ and this Is the first time through the WHILE loopt 
suppress assembly until an ELSE or DENO pseudo operation Is 
encountered. 

II If an ELSE pseudo operation is encountered, assemble 
succeeding statements until a DENO line Is encountered. 
Continue assembly at the statement following the OENO 
line. 

2) If a OEHO pseudo operation Is encountered, resume 
assembly at the line following the OEMD line. 

If m 1 and this Is not the first time through the WHILE 

loop, skip all lines until a OEHO pseudo operation Is 

encountered and resume assembly at the line following the 

DEHD. 



4-24 

COC - ADVANCED SYSTEMS OEVELOPHEHT 

86/10/17 

CYBER 180 II Assembler ERS Rev: F 

4.0 PSEUOO INSTRUCTIONS 

4.6.2 WHILE/ELSE/OEI^O PSEUOO INSTRUCTIONS 



If m > 0, 

1) Increment the Internal counter by 1. 

2) Set the value of the label on the MHILE line C If present! 
to the new value of the counter. 

3) Continue assemfoly until an ELSE or OEHO pseudo operation 
Is encounter edf and then repeat the procedure from step 
c« 

Mote that the only logical way to get out of a MHILE loop Is 

to change within the loop, one or wore of the items which 

make up the expression on the MHILE line so that the 
expression will not have a value ^0* 



Exanples 



This code will assemble a number of 16-foit words whose value 
are from the Fibonacci series* Starting with the value It 
each word is equal In value to the sum of the previous two 
words. In this example the series Is terminated when al 1 of 
Its members less than U have been generated. 



OPEM A,8,TEHP 

A SET 

8 SET 1 

I^HTLE 8<N 

VF0,16 8 

TE HP SET 8 

B SET A-i-B 

A SET TEHP 

OEND 

CLOSE A, 8, TEHP 



If N=10 the above code Is equivalent tos 
VFD,16 1 



VF0,16 1 

VF0,16 2 

VF0,16 3 

VF0,16 5 

VF0,16 8 



4.6.3 SKIPTO - SKIP CODE 



The SKIPTO pseudo operation enables the user to conditionally 
alter the sequence In which assembly lines are processed. It has 
the form 5 
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I \ a be 1 t opera 1 1 on \ Btr guwie nt 

^.«.«, — ««. — «.^ .-«—.«, — -.^-.-.I-« ««•. — -.«.«.««—« 

I I SK I PTO t exp I nawel 9 • • • » naiiief> 
exp Optional* must be evalyabTe. 

r^awe! k valid label appearing on a COMTf OENOt or PEMO 

statement which follows the SKIPTO statement* 

If the expression is not present* only a single label is 
permissible. 

SK I P TO oper ates as f o 1 1 ows s 

a) If no expression Is present on the SKIPTO llne» skip 
succeeding lines until a line with the appropriate label Is 
found* 

b) If an expression is presentt it is evaluated. 

II If value of the expression Is k af%4 k lies between and 
n-1 where n Is the number of labels on the SKIPTO 
dlrectivet the succeeding lines are skipped until a COMT» 
OEHOf or PEMO statement is found which- has as its label §■ 
namek* 

2 J If the value of the expression is < or >= n Cor the 
expression Is not evaluablelt assembly resumes at the 
line Immediately following the SKIPTO pseudo Instruction* 

Mote that when In the skipping mode* all pseudo Instructions 
except LOCAL* OPEN and CLOSE are ignored* Any symbol defined 
by LOCAL or OPEN pseudo Instructions ar^ not recognized* 
Labels within PROC/PENO, HHILE/OEMO* or OO/OEMO blocks are 
not recognized* and It Is illegal to write a SKIPTO pseudo 
Instructions which branches out of a procedure definition* 
WHILE/OENO sequence* or 00/OEND sequence* 

Example? 

• In the following example* the statement processed following 

• the first SKIPTO directive depends on the value of *A*»* 

SKI PTO* A SMALL, HEDIUH, LARGE* HUGE 
UHEXPT SKIPTO HORE THIS STATEHEMT IS PROCESSED 

IF A IS NOT EQUAL TO 0* 1, 2 

OR 3. 
SHALL RES 50 THIS STATEMENT IS PROCESSED 
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HEOIUM 

L.ARGE 

HUGE 



SKIFTO MORE 



RES 



RES 



100 



SKIPTO MORE 



250 



SKIPTO HORE 
RES 1000 

COMT 



IF A IS EQUAL TO 0. 

THIS STATEMENT IS PROCESSED 
IF A IS E^JOAL TO 1. 

THIS STATEMENT IS PROCESSED 
IF A IS EQUAL TO 2. 

THIS STATEHENT IS PROCESSED 
IF A IS EQUAL TO 3. 



If **RES«* is a user-defined procedure which reserves the 
number of words of core specified by Its arguments then the 
amoyfit of core reserved by the above code varies depending on 

•»A"* 

This example H Lustra tes the effect of OPEN/CLOSE and "DO/OENO 
blocks on the SKIPTO directive. 



SKIPTO 


X 


OPEN 

RES 


5 


CLOSE 


X 


DO 

LOCAL 

¥FD,16 


10 
X 

I 



THIS LINE IS SKIPPED BECAUSE 

IT APPEARS 

BETWEEN AN OPEN A?^0 CLOSE 



DEHO 



THIS LINE IS SKIPPED BECAUSE 
IT APPEARS WITHIN A OO/DEND 
BLOCK 



ADO 



8ASE,0ISP 



THIS LIME IS PROCESSED 
FOLLOWING THE SKIPTO DIRECTIVE 



4.7 mmK^QQUimt 
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4.7,1 ERROI? PSEOOO OPERATION 



^, — , — . — . ^«.«««. «. — -—««-. .4.», — -— — «« — «-«, — « 

1 1 a be I I ope rat! on t « r g une n t 

1 i ERROR i exp 1 1 abe I I C « me s sage» 

The ERROR pseydo operation provides a method for cofidftfofially 
generating an error message In the object listing and 

transferring control to another portion of the program. 

label Label Is any valid symbol appearing In the label 
field of a subsequent CONTf OEHOt or PENO statetnent* 
The statement roust be a COHTt OEHO» or PENO statefnent 
before label coroparison Is madem 

exp Exp Is a conditional expression whose value 
determines whether the error message Is to be 
prodkiced and if a transfer of control is necessary. 
If this subfleld Is omlttedt then the message Is 
unconditionally generated* 

message Message is any valid combination of characters (see 
Character set). 

When an ERROR pseudo instruction Is encountered* the 
expression Is evaluated. 

If It Is true (1) or not specif tedt the error message Is 
produced on the object listing. If symbol Is presentt 
control Is transferred to the Indicated line. If no 
symbol Is present, assembly continues with the next 
statement. 

If the expression Is false CO), no message Is produced 
and assembly Is continued at the succeeding line. 

Examp I e ; 



ERROR, A<0 C» ILLEGAL ARGUMENT* 
NELX SET .2,3,A,H,XOR,COHX 

. WHEN THE ABOVE DIRECTIVE IS ENCOUNTERED, IF A IS LESS THAN 

. ZERO THEN THE HESSAGE "ILLEGAL ARGUHENT" WILL BE PRINTED. IF 

. A IS NOT LESS THAN ZERO, NO HESSAGE WILL BE PRINTED. IN 

. EITHER CASE, THE LINE NELK WILL BE PROCESSED NEXT. 



4-28 

coc - mymcED systems oevelophemt 

86/10/1? 

CT8ER 180 II Assembler ERS Revs F 

4,0 PSEOOO IMSTRUCflOliS 

4,7,1 ERROR PSEUOO OPERATION 



C'lLLECAL REGISTER* 





ERROR, B<0.I8>15,ILR 


PSRL 


LP0,2 i 




SKIPTO HEWL 


ILR 


ERR 


NEWL 


CONT 



. WHEN THIS ERROR DIRECTIVE IS EWCOUMTEREO, IF 018^15, HO 

. MESSAGE IS PRIMTEO OUT AND THE LINE PSRL IS PROCESSED, 

• FOLLOWED BY LIME NE«L. IF ©<0 OR 8<15t THEN THE HESSAGE 
. «ILLE€AL- REGISTER* HILL BE PRINTED AMD THE LIME ILR IS 

• PROCESSED, FOLLOWED 8Y THE LINE NEWL, IM THIS EXAHPLE, "LPO* 

• AND ^ERR** ARE USER-DEFINED PROCEDURES. 

4.7,2 FLAG - CONDITIONALLY SET ERROR FLAG 



A FLAG pseudo Instruction produces an assembly error, but does 

not affect other code* 



4«-. . . — --1. ^ ^ — -«.!-*. — . -. .^. , 

1 1 a be I I ope r a t i on I a r gumen t 

I IFLAG I err type 

errtype FATAL - a fata! error detected. 

WARNING - a non-fata! error detected. 

Examples 

FLAG FATAL 

4.8 lisiih£-.i:qhisol 

The Instructions described in this section permit extensive 
control of the assembly listing format. 

4,8. 1 LIST - SELECT LIST OPTIONS 



^. — --« «+-««. — . — - — +.««-«.^«««--,— «—«-.-. 

Mabel f operation I argument 

^«««« -+— », — , — , — .^^ — Z, -^ , — . --— - 

I iLISTfVal f exp_lf exp_2f exp_3 

The LIST pseudo operation controls the assembly listing 
generated. The argument field is used to select the various 
listing options. 
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4.8*1 LIST - SELECT LIST OPTIONS 

val Val is an optional evaluable expression w^ilch Is 

Interpreted as folloviss 

= List this statement according to the listing 

controls In effect ^hen this statement Is 
encountered* 

1 = L I s t this Stat ement ac cor ding to the value of 

expression 3. This Is the default. 

exp_l An evaluable expression which may assyme the 
following values? 

= Suppress complete listing* 

1 = List input statements* 

2 = List Input statements plus all statements that 

generate code CVFOt CHO statements that normally, 
woul d not be 1 1 sted) « 

3 = List all generated statements Including Internal 

procedure expansions* 

4 - List all generated statements* 

exp_2 An evaluable expression used to control the listing 
of unprocessed statements that arB by-passed during 
the assembly procedure and also the repeated 
statements In a 00/WHILE which normally would not be 
listed. This may occur during the processing of 
SKIPTOf DO and WHILE pseudo Instructions* The values 
of the expression are as followss 

= List only processed statements* but not repeated 

00/WHILE statements* 

1 = List processed statements Including repeated 

00/WHILE statements that are processed* 

2 - List all statements* 

exp_3 Used to control the listing of the listing control 
pseudo Instructions* TlTLEt PAGEt SPACE* XRSY» and 
LIST* The values of this expression are as follows: 

=^ Do not list the Listing control statements* 

1 = List the Listing control statements* 
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The standard LIST parameters established by defatift arm* 

LIST lf2»l 

Cays! fig a full listlnci to be generated. Subsequent I y any of 
these parameters fnay be altered, k null subffeld specifies that 
the parameter Is to be unchanged. If no parameters are 
specified* the LIST options will revert back to their previous 
settings. 

4.8.2 PkGE " EJECT PAGE 



f labe I I operat Ion f argument 

I I PAGE I 

The appearance of this pseudo operation will cause the next 
line of output to appear at the top of a new page on the computer 
listing. If the next line v^ould normally appear at the top of a 
new paget the PAGE pseudo operation Is Ignored* Two consecutive 

PAGE directives will generate a blank page. 

4.8.3 SPACE - SKIP LINES 



j 1 abe I I oper at I on f argument 
I I SPACE 



f expression 



expression 



Expression Is any evaluable expression. The value of 
this expression specifies the number of lines to be 
spaced before the next line appears on the coaiputer 
1 1 sting. 

If the expression is not present* a value of 1 Is assumed. If 
the value of the expression Is greater than the nuniber of lines 
remaining on the page* the SPACE pseudo operation wi 1 1 have the 
same effect as the PAGE pseudo operation. 



Examples 



SPACE 
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.4 TITLE - ASSEM8LY LISTING TITLE 



I labe I I operat Ion I argument 

I f TITLE I C •character string* 

char act er s t r I n g 

Character string Is a sequence of any characters (see 
Character Setl up to a iiiaximum of 56 characters. 

The TITLE pseudo instruct Ions enables the progr ammer to 
specify an Identification for assembly listing. 

Uhen a TITLE pseydo Instructions Is encounteredt the assettbiy 
listing Is advanced to a nev^ page Clf It Is not already at a new 
page). The Indicated character string Is printed at the top of 
this page and at the top of all succeeding pages until another 
TITLE pseudo Instruction Is encountered or the end of assembly is 
reached. 

k null argument field on a TITLE pseudo Instruction line will 
cause the listing to be advanced to a nevir page* but no heading 

printed. 

Examples 

TITLE C«TESTCODE» 
4.8.5 X:RSY - CONCORDANCE SELECTION 



1 label loperatlon farguisent 

^. .^, — «-+— , , , 4.— «— -, 

1 I XRSY I namel 9 *m» 9 namen 



The XRSY pseudo operation Is used to select certain symbols to 
be Included In the concordance. 

namen Hamen designates symbols to be Included In the 
concordance. 

Examples 

XRSY XO 
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4.9 SECIIQMS 

Sections are established for the user by the Assembler t and 
optionally by the user. The concept of sections Is valid only 
for CPU programs. An lOU program has only one sect font the code 
sect font >«?hich can be read* written* and executed* Sections In a 
CPU module are established with differing levels of access to 
allow the user who uses them protection for code and data. The 
concept of sections Is similar to the hardware concept of 
segments. Hardware segments are established to have different 
levels of accesSf and generally so are the Assembler sections. 
However f sections can be established with the same level of 
accesst and they will then be combined Into the same hardware 
segment. 

Sections can be used to establish a blocking of data and code* 
The section counter Is automatically maintained by the Assembler» 

but can be modified by using the ORG, POS or BSS pseudo 
Instructions. 

Data and code within a section Is not relocatable* The 
sections are treated as relocatable with references made via the 
use of pointers. The CYBER 180 Instruction set has been designed 
to efficiently access data and code In other sections via a 
mechanism of pointers to a byte address plus an offset In the 
specific section. The pointers are generally established via the 
AOORESS pseudo Instruction In the BIHBIHG section. 

4.9.1 SECTION - ESTABLISH BtOCK 



SECTION establishes a new block. This statement Is valid only 
for a CPU module. A user may establish up to 10 sections In 
addition to the five default sections established for him. All 
SECTION pseudo instructions must appear before any code or data 
generation Instructions are specified. 

I label foperatlon f argument 

I name I SECTION I type,attr»cld»algnf maxsize 

name (Required) Internal section name for USE block 
definition. 

type CReguired) The section type Identifier which must be 
one of the following namesJ 
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CODE Code sectlon» only one code section Is 

permitted per jnodule, 
BINDING Binding sectiont only one binding section 

1 s per ml tted per wodule* 
WORKING forking storage section. 
COHMON Cofnuion block section. 
EXTMORK Extensible working storage section* Data 

may not be established in sections of tfils 

type at Assembly tiflie. 
EXTCOH Extensible common block section. Oata »iay: 

not be established In sections of this 

type at ,Assei»bly time. 

attr {Required! An absolute expression which specifies 
legal combinations of access attributes of the 
segment to contain the section. Only the **" 
operator Is permitted In the expression. 

REAO - Read 

mUE - Write 

EXECUTE - Executable 

BIND - Binding 

CACHE_8YPASS - cache bypass (hardware feature) 

cid (Optional) Common section name (1-31 character alias 

name) . 

aign (Optional) Two absolute expressions separated by a 
comma which define section alignment. The first 

parameter is an offset # the second Is the base 
(modulus). 

Examples arei 

0»8 - Word aligned section start. 

8 #64 - Section starts at word one of an 8 word block 
boundary. 

0,8 - Word aligned section start (default for all 
sections except binding sections). 

maxsize (Optional) Absolute evaluable expression which 
specifies the maximum section size. 

The following default sections are established by the 
Assembler for a CPU modules 
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*COOE Read-^ExecMte 

WORKING Read-*-Wr I te 

BlMQinG Read+Bfnd 

STACK Read+Wrlte 

* The fiafne on the lOEMT card can also be used to reference the 
CODE section. 

Example* 

Bimm SECTIONI WORKING, REAO+MI?ITE,, 0,8 

4.9.2 USE - USE SLOCK 



The USE statement is valid only for CPU modules. USE 
starts/resumes use of an already established section Into which 
code is syfeseqyently assembled* 

I label foperation largument 

+, — ... — «-^.^.«.- -«.«.+. — I— ..-.—« — .« — •«--«. «« 

I I USE I name 



name The name of the section Into which the text that 
follows is assembled. <It corresponds to the name of 
a SECTION pseudo instruction). A blank name causes 
the assembly of code into the default COOE section* 
The name fLASTSEC wi 1 1 resume using the section In 
use prior to the last USE statement. 

The current position In a section is automatically maintained 
by the Assembler. Uhen the USE pseudo instruction is executed, 
the section counter will automatically be restored to Its 
previous value. 

Examp I e ; 

OUHMY SECTION MORKING,R£AO-«-WRI TE , ,0,8 



USE OUHHY 



USE #LASTSEC 
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4.9,3 ORG - SET SECTION COUI^TER 



The ORG pseydo Instruction specifies the unit Cbytes for CPU 
or words for lOU) offset to ^hlch the section counter is to be 

set* 

^-^-« — «--+ — «, — «™«^--, •-««-«—-«- -«^« 

} 1 a be I I ope r a 1 1 on I ar guinen t 

i.^- -. ^. . — , — +.— . — ^ . «. . — • — 

Mabel |Of?G |exp 



label Optional » If pr es en tt is set to the value of exp. 
Symbol category equals 6« 

exp An absolute expression specifying the address to 
which the unit offset Is to be set. Any symbols In 
the expression must have been previously defined. 

Examples 

TAG ess 10 .DATA AREA. 



ORG TAG .STORE IN DATA AREA. 
4.9.4 POS - SET BIT POSITION IN THE SECTION COUNTER 

The POS pseudo Instruction sets the value of the bit offset In 
the section counter to the value specified by the expression In 

the argument field for either CPU or 100 modules. 

+«« « 4-—. — -. --^«-«— --«. — -—«—-«-«. 

J label foperatlon fargument 

^- «--.«-^ — .- — • 4.« — .— ,- «-..-«•—.-.-««.«- 

f fPOS laexp 



aeKp An absolute* evaluable expression having a positive 

value less than or equal to the bit position with a 
unit (byte for CPU or word for lOU). A negative 
value* or a value greater than 7 for a CPU module* or 
a value greater than 15 for an lOU module causes an 
error. The value Indicates the bit position within 
the current address unit at which the Assembler Is to 
generate the next data. Use caution* because If the 
new bit position value Is less than the old bit 
position value* part of the byte Is reasseifibled. 
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CMev# code is ORed s*^ith previously assembled data I. 
If the nev^ bit position value Is greater than the old 
bit position value* the Assenrabler generates zero bits 
to the specified bit position. 

CAUTIONS If the POS pseudo Instruction Is used on a word 
containing relocatable or external addresses t undefined 
results may occur with no diagnostics. 

The POS pseudo Instruction does not alter the unit offset 
Cbyte for CPU or word for I QUI. The POS Instruction never causes 
the unit Cbyte for CPU or word for 1 00 1 to be chmng^dm 

Example? 

POS 3 

4.9.5 BSS - STORAGE RESERVATION 

The BSS pseudo instruction reserves memory in the section In 
use by adjusting the addressable unit offset (bytes for CPU or 
words for lOUI. It does not generate data to be stored In the 
reserved area. 

+ ^-..««-.«^ — -««-. ^^«-« -«-. — — , «-«^, — 

f labe I 1 operation | argument 

I label I BSS 1 aexp 

label Optional label defined as the addressable unit offset 
after the force to an addressable unit boundary 
occurs. It Is the beginning symbol for the storage 
area* Symbol category equals 6. 

aeKp Absolute expression specifying the number of 

addressable storage units to be reserved. All 
syiJibols must be previously defined. Aexp cannot 
contain external symbols or be relocatable. The 
value of the expression can be zero or posltlvet but 
not negatlvet and the value Is added to the 
addressable units offset* A 8SS causes a force to 
byte boundary and symbol deflnltiont but no storage 
Is reserved. 

Example 5 

TAG BSS 5 
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4.9..6 ALIGN - FORCE SECTION COUNTER ALIGNMENT 



The ALIG'N pseudo Instruction- forces the unit offset to the 
specified boy ndary (byte for CPU moduTet word for I OU module) and 
sets the bit offset to zero. 

.4-— «• --4.— -.«««-.^— . — -««—««-«— —^««-«^ 

I Tabe 1 I operat ion I argument 

4.-.^ . 4— «., . ^-..— , . — «, — -.-. « - 

I label lALIGM f fncrementf uni tsfze 



label Optional label defined as the unit offset after the 
force to the specified offset plus Increment occurs. 
Symbol category equals 6. 

Increment The increment is a value that Is added to the unit 
offset after the alignment Is made to a unitslze 
boundary. 

unitslze The unitslze specifies a value by which the unit 
offset must be evenly divisible. The number 
specified must be greater than zero* To do this* a 
number between and unitslze -1 is added to the unit 
offset to make it evenly divisible. 

Example; 

ALIGM Of 2. .PARCEL BOUNDARY (CPU). 
ALIGN 0,8 .WORD 80UN0ARY (CPU). 

4.10 EgQ££Qyg£S 

A procedure definition is a sequence of source statements that 
are saved and then assembled whenever needed through a procedure 
call. A procedure call consists of the occurrence of the 
procedure name in the operation field of a statement. It usually 
includes parameters to be substituted for formal parameters in 
the procedure code sequence so that code generated can vary with 
each procedure call. 

Use of a procedure requires two steps* definition of the 
procedure sequence, and calling of the procedure. 

A definition consists of three parts: heading, body, and 
terminator. 

Heading A PROC definition is headed by a PROC pseudo 
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! nstruct ton I n ! t f at I ng the de f Init ion of a procedur et 
aod a PNAHE pseudo Instruction stating the namm of 
the procedure* 

Body The body begins with the first statement In a 
definition after the heading* The body consists of a 
series of symbolic Instryctlons* All Instrycttons 
other than PENOf Including other procedure calls are 
legal within a definition* Within a PROCEOURE, calls 
can app-ear to other Procedures* but a PROCEDURE 
cannot call Itself nor can any PROCEDURE In a nest of 
calls call any other PROCEOURE previously In the 
nest* PROCEOURE definitions cannot be nested* That 
Ist a PROC pseudo operation must be followed by a 
PENO pseudo operation prior to the appearance of 
another PROC pseudo operation. The overall order of 
PROCEDURE definition Is injfnater I al so long as the 
definition precedes the first call to assemble the 
PROCEOURE (l*e« a procedure call within a procedure 
definition may reference a procedure that is not 
defined prior to this point)* 

Terminator A PE NO pseudo Instruction terminates a procedure 
definition. 

A procedure can be defined anywhere In a program before It Is 
called. Nhen the Assembler encounters a definltlont It places 
the name of the procedure along with the number of substi tutabl^ 

parameters and local symbols In the Assembler operation code 

tab le* 

4.10.1 PARAMETER REFERENCING WITHIN PROCEDURES 

Parameters on a procedure call can be referenced using the 
Field function *F:»» and specifying the position of the parameter* 
The position of the parameter Is Indicated by using an Cltj) 
notation to describe where on the procedure call the parameters 
should be gotten* Using the (It Jl notatlont I describes the 
field number (label field = 0» operation field = It argument 
field = 2)» and J describes the position In the field starting at 
0. An entire field may be referenced by Just quoting the first 
parameter. 

Uhen a label Is specified on the PROC statementt that label Is 
equated to the Field function and can optionally be used Instead 
of F2 (the colon Is part of the Field function name). For more 
informatlont refer to the section discussing the PROC statement. 
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4.0 pseyoo instructions 

4.10.1 PARAMETER REFEREHCING MITWIU PROCEOURES 



Usin<| ft notationf the l**th field and the j**th subffeld of a 

statement is refereiiced as* 

A reference to the entire i^=^th field would bet 

FSC!) 

References to a particular field or subfield nay occur 
anywhere that such a reference has meanlnf. Each reference acts 
as a direct substitution of the referenced subfield Into the 
referencing entity. The actual substitution mechanise can have 
several meanings which are discussed In subsequent chapters. 

4.10.1.1 £aiiaaifit£ii-Id£atif IcaliQE-Eisaaiples 



. THIS EXAHPLE SHOWS HOW RELATIVE FIELD IDENTIFICATION NORKS. 

• CONSIDER TRANSLATION OF THE F0LL0«IMG LINES 

IHPERAT AOO.,3.,4 AOOENO,AUGEHO MOVE, 5, 6 OEST, SOURCE 



OURIHG PROCESSING OF THE OPERATION 
FMO) = IHPERAT 
FSC1,0) = ADO 
FM2,0I = ADOENO 
F:|3,0) = HOVE 
F:C4,0) = OEST 



F:(1,1) = 3 
FS{2,i) = AUGENO 
F:{3,1I = 5 

FM4,l) •= SOURCE 



FMlt2) = 4 

F»C3f2) ~ 6 



4.10.2 PROC - PROCEDURE HEADING 



The PROC pseudo i 
which roust be given In 
pseudo instruction 
Fo1lowln<| the PROC pseu 
wh I ch compr I se the 
appearance of the PROC 
a PROCEDURE. All st 
Instruction up to and I 
instruction will be 
defined. 



nst ruction Is the first pseudo Instruction 
the process of defining a PROCEDURE. This 
may contain an optional label field, 
do instruction roust appear the statements 
entire PROCEDURE being defined. The 
pseudo Instruction Initiates definition of 
atements which follow the PROC pseudo 
ncluding the first encountered PEND pseudo 
Included as part of the PROCEDURE being 



The PROCEDURE being defined will be considered terminated when 
the first subfield of any subsequent OPERATION field contains the 
pseudo Instruction PEND. All statements of the PROCEDURE which 
lie between the PROC pseudo instruction and the next PEND pseudo 
instruction are considered to be the body of the PROCEDURE. 
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4.10,2 PROC - PROCEDURE HEADING 

Within this PROCEOURE body* the first subf leld of any sybseqaent 
OPERATION field prior to a PENO pseudo Instruction cannot contain 
another PROC pseudo Instruction, 



I label foperatlon fargument 

f label fPROC I 

label Optional* the label field of a PROC pseudo 
1 ns truct I on cont ai ns a symbo It th i s symbo I can then 
be used as a field function name within the procedure 
body and also by any other (nested! procedures, Mote 
that the label Is defined only while the procedure Is 
active (referenced)* and cannot be used to call the 
procedure. 

The label on the PROC pseudo Instruction line Is 
normally used within the PROCEOURE followed by field 
and subfield notation to reference the actual 
arguments by which the PROCEOURE was called. If no 
label appears with the PROC pseudo instruction, then 
the parameters by which the procedure Is called can 
be referenced only by using the ft notation described 
In the previous section. 

Examples can be found In the section entitled ^Procedure 

Examples*. 

4.10.3 PHAHE - PROCEDURE NAHE DEFINITION 



The PNAME pseudo Instruction Is used to provide a name by 
which a PROCEDURE can be referenced. The PNAHE pseudo 
Instruction must Immediately follow the PROC, FNAME, or another 
PNAHE pseudo Instruction when a PROCEDURE Is being defined. Any 
PROCEDURE may have multiple PNAHE pseudo Instructions and, 
therefore* be referenced by several names* 

+«-«— «-«-4«--.--.^-- — ^.^.-«« — -.—.«—-.-.-«««-—-« 
1 I a be I I ope ration I ar gume n t 

Mabel I PNAHE lvalue 



label Name by which the procedure is referenced, 
value An evaluable expression, 

Nithin the PROCEDURE, the value of the expression following 
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4.0 PSEUOO INSTRUCTIOMS 

4.10.3 PUmB - PUOCEmm name OEFIHIIIOf 



tlie name by which the Pf?OCEOyRE was actually referenced Is 
available as F:(1,0). This permits the programmer to distinguish 

between referenclfsg riames# when ■ desired. 

k PROCEDURE Is referenced (as a procedure) by placlhg one of 
Its defined PNAWE»s in the first subfleld of a OPERATION field. 
The expression which represents the value associated with the 
PNAHE Is evaluated each time the PROCEDURE is referenced using 
that namem 

Examples can be found In the section entitled ^Procedure 

Examples". 

4.10.4 FNAME - FUNCTION NAME DEFINITION 



The FNAHE pseudo operation Is used to provide a name by which 
a PROCEDURE may be referenced as a FUHCTION. The FHAHE pseudo 
operation nuust Immediately follow the PROC* PNAHE or another 
FNAHE pseudo operation when a PROCEDURE Is being defined. Any 
PROCEDURE may contain multiple FNAHE pseudo instructions andt 
therefore* be referenced by several names. 

^— -. — . ^«.- -—.4. — , — -. . — « — «-«- 

I I a be I I ope ration I ar gumen t 



I label 



FNAHE 



lvalue 



label 



va I ue 



Name by which the procedure Is reference 
function. 

An evaluable expression. 



d as 



yithin the PROCEDUREt the value of the name by which the 
PROCEDURE was actually referenced Is available as F:C1,0). This 
permits the programmer to distinguish between referencing names* 
when desired. 



A PROCEDURE 
structure 5 



Is referenced (as 



function! by forming a 



name (argument I 

Where name Is Its defined FNAHE and argument Is the argument to 
the PROCEDURE. This bounded argumentt less parentheses* is 
available* starting at F:(2*0)* just as If the PROCEDURE was 
referenced as a procedure (via PMAHE). The argument Is limited 
to one field* although It may contain as many subtle Ids as 
necessary* Ho blanks may appear between the argument and the 
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4.10.4 FHkm - FUMCTIOM NAME OEFINITIOH 



enclosing parentheses* The expression which represents the valiie 

associated with the FNAME is evaluated each time the PUOCEBIME Is 

referenced ^ yslng that name. 

A PROCEDURE f ■ referenced using one of Its FMAME's wl U ' have the 
entire reference replaced hy the value of the expression- on the 
FENO pseudo instruct ton ¥ihen the PENO pseudo Instruction- is 
executed. This value wilt always foe 8 bytes long. 

Hote that a function may not generate code or change location 

counters If It Is Invoked from a statement whichf Itself » Is 

gener at I ng code « 

Examples can be found In the section entitled "Procedure 

Examples". 

4.10.5 PENO - EMO PROCEDURE OEFINITION 



A PENO terminates any - unterrolnated definition. A PEMB outside 
the range of any procedure seguence has no effect other than to 
be included In stateiient counts. 



f label 

+— ^ — 

I label 



tope rat ion 

IPEND 



I argument 

'^— 

lexp 



label (Optional) Hay be used as the object of a skip by a 
SKIPTO or ERROR staten^ent. The label symbol Is not 
entered Into Assembler's symbol table and the 
presence of a label does not constitute symbol 
definition. 

exp The argument field can be null or can be nn evaluable 
expression. Mhen the PROCEDURE is called as a 
procedure reference, any PENO expression Is ignored. 
When a PROCEDURE Is called as a function reference, 
the PENO expression is evaluated and the value Is 
returned as the value of the function. A null 
expression returns the value zero. 

Examples can be found In the section entitled "Procedure 

Examples". 

4.10.6 LOCAL - ESTABLISH LOCAL SYMBOLS 



The LOCAL pseudo Instruction Is used to establish symbols 
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4,0 PSEUOO INSTRUCTfOMS 

4,i0,6 LOCAL - ESTABLISH LOCAL SYMBOLS 



whicN are to be considered local to the PROCEDURE In whlcb they 
are daflned. The appearance of a LOCAL pseydo Instruction 
supersedes at! previous LOCAL pseudo Instructions In that program 
or PROCEDURE and alT symbols previously' declared local 'are 
erased* A PENO or END line terminates the LOCAL. 



I I a foe I I ope ration farg ume n t 

I I LOCAL f namel t • « • namen 

namelf • ••namen Establish synibols local to a procedurem 

A symbol may not be defined as LOCAL If Its symbol category Is 
one of the following: 

2 CMO defined Instruction 

4 PROCEDURE call 

10 PROCEDURE Reference List 

12 ANAHE defined symbol <prograiiniier defined attribute) 

13 Section counter 

Examples can be found In the section entitled ^Procedure 

Examples'*. 

4.10.7 OPEH - DECLARE TEMPORARY SYH80LS 



The OPEN pseudo instruction is used to declare temporary 
symbols without affecting any prior use of the label. A label 
declared by an OPEN pseudo Instruction remains active until 
closed by a CLOSE pseudo Instruct lo using the same label* OPEN 
pseudo Instructions may be nested using the same label. The 
label created under the last OPEN pseudo Instruction executed 
will be active until closed. It Is important to note that 
closing opened symbols takes place in reverse order from the 
opening process. That ls» the last open symbol Is closed flrstt 
then the next-to- lastt etc. Subsequent OPEM pseudo Instructions 
only affect each other If they use the same symbol t otherwise 
they act Independently without cancelling prior OPEN pseudo 
Instructions as Is the case with LOCAL pseudo Instruction. 
Definitions of OPEN'ed symbols are restricted in the same way as 
LOCAL symbols. 



f label loperation largument 
I I OPEN 



InameU..., namen 
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4. ID. 7 OPEN - BECLARE JEPIPQUARr SYMBOLS 



namel # • • • » namen Est a-b I i sh temporary symbol s w! fh fia»es 

namel t « • • f namen ■ 

EKaPfjfes can be found in the section entitled '•Procedure 

Exa-fiples**. 

4.10.8 CLOSE - ERASE TEHPORARY SYMBOLS 



The CLOSE pseudo instruction- erases the symbols whose names 
are used as arguments to the pseudo Instructions. If a symbol 
has been opened by more than one OPEM pseudo instruct font then 
CLOSE only erases the last OPEN and the symbol usage then reverts 
to its usage under the previous OPEN. If there was only one OPEN 
associated with the symbol » the symbol becomes non-existent and 
is completely erased. It is Illegal to CLOSE a symbol that has 
not been opened. 



1 1 a be 1 

^ -.- 

f 

namelf . . .namen 



Examples can be 
Examples*. 



I operation f argument 

I CLOSE J name 1 1 * • • t n amen 

Erase temporary label field symbols with 
name s n ame 1 1 . • • n ame n • 

found in the section entitled '•Procedure 



4.10.9 CONT - NO OPERATH 



The COHT pseudo Instruction is used to place a symbol on a 
statement only for the purpose of assembly time transfer of 
control. The CONT pseudo Instruction functions in ail other 

respects as a no-op. 

M a be I I ope ra t i on f a r gumen t 

II abel I CONT | 

label (Required) Symbol used for transferring control 
during the assembly process. The symbol is not 
entered In Assembler's symbol table and use of a 
symbol in the label field does not constitute symbol 
definition. 

Examples can be found in the section entitled "Procedure 
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4«10,9 CONT - NO OPERATION 



Examples**. 

4. 10. 10 PROCEDURE CALLS 



A procedure headed by the PROC pseudo !f?str«ct!on can be 
called by an In struct I on In the following formats 

I I a be I I oper a t i on f ar gumm n t 

llabel I procname I f !eldl»f Ield2> .* .f ieldn 

label Optional » its value can be retrieved from vi^lthin the 
procedure's body by the FSCOJ field function. 

procname Name of a predefined procedure (label on PNAHE). 

fields One or more fields which might consist of several 
subf ields* 

A defined PROCEDURE may be referenced using any one of Its 
names as defined by a PHAHE or FNAME pseudo Instruction. This 
name Is written as the first subf ie Id of the OPERATION field* 
The remainder of the OPERATION field and as many arguinent fields 
as necessary can follow the OPERATION subfield and contain the 
arguments to the PROCEDURE. The Assembler Is capable of handling 
as many arguments as the user wishes to provide. 

Parameters passed to PROCEDURES are call^b^^oaiBe in that a 
parameter Is evaluated each time It is referenced within the body 
of a PROCEDURE. Any previous statements within the body of the 
PROCEDURE which have changed the value of a given parameter will 
affect later references to the parameter. Any OPEN or LOCAL 
pseudo instructions within the body of a referenced PROCEDURE 
which declare labels with the same symbol as a label passed as a 
parameter will not affect the parameter being passed. 

Ii;-.i2L-.ttlSL-.actual>£all-.lQ^a-££QII£QyS£ which requires that it be 
defined and OQt just thSi^&UU&^lLBUCQ^Ql^B^CMll in an Assembler 
statement. Unexecuted calls do not require that the named 
PROCEDURE be defined. 

4.10.11 PROCEDURE EXAHPLES 
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4.0 PSEUOO INSTRUCTIOHS 

4. 1 . 1 1 . 1 Pr oc e dur e Oe f I n 1 1 ! on 



4 , 1 . 1 1 • 1 ££Q££iliirs«fisf iaitiQQ 



THIS IS m EKkPIPLE. OF THE USE OF PROCEOyRES. THE 
PROCEOURE STATEWEMTS (THOSE APPBmiUG 8ETMEEN A PROC AMD 
A PENO DIRECTIVE) ARE NOT PROCESSED UNTIL ^ THE PROCEOURE 
nmE APPEARS IN THE OPERATION FIELO OF A STATEHEW BEim 
PROCESSEO, IN THIS EXmPLEf AFTER THE STATEMENT LABELLEO 
^CALLING" IS ENCOUNTERED, PROCESSING OF THE STATEMENTS IN 
PROCEOURE «SAM« BEGINS. ^HEN THE PEND OIRECTIVE IN «SAH» 
IS ENCOUNTERED, PROCESSING RESUMES AT «NEXTtINE»»» 



SAHR 



A 

B 
FM 



2,2) 



PROC 

PNANE 

SET 

SET 

ANA ME 

MAX. 



5 

FM2,0) 
F5C2,1) 
6 

SAHR5(2,2>,SAHR 



• FM2,0) REFERENCES :X*3 
.FrC2tl) REFERENCES ZXT 
.ASSIGNS NAHE INDEX TO 
.ATTRIBUTE NUI^SER 6 
(2,1) 



PENO 

PROC 
NAX PNAHE 
FM2,1) ATRI8 FrC2,0),5 
. 

PEND 



.INTERPRETED AS: ZKT ATRI8 

.INDEX, 5 

. FS REFERENCES LINE CALLING 

. MAX , 

. SAMR REFERENCES LINE 

CALLING 
. SAM 



CALLING SAH X^3, ZXT, INDEX 
NEXTLINE VF0,16 ZXT 

. THE A0OVE CODE IS EQUIVALENT TO? 



A 


SET 


X^3 


B 


SET 


ZXT 


INDEX 


ANAME 


6 


ZXT 


ATRIB 


INDEX, 5 



NEXTLINE VFD,16 ZKT 

. THE FOLLOWING EXAHPLE INVOLVES THO DIFFERENT DEFINITIONS OF 

. THE LABEL X. THE NET EFFECT OF THIS CODE IS TO SET THE VALUES 

. OF X AND Y TO 75 





PROC 


ZED 


PNAHE 




LOCAL X 


X 


SET 2 
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4.10.11.1 Procedure Oeflfiltiofi 



Fr(2,0) SET FM2,0)*X 
Y SET ft{2fO} 

PEHD »Unm EXECUTE© LOCAL ^ K HG LOMSER EXISTS 



SET 5 * GLOBAL .X 

ZEO X .GLOBAL X AS PARAMETER F2(2,0| 

THIS PROCEOURE DEFINES A SET OF IHSTRUCTIOMS FOR THE C180 CPU 

EACH OPERATION COOE IS SPECIFIED AS A PROCEOURE EMTRY I4AHE 
WHEN HAS THE MACHINE COOE AS THE ^ALUE. 



THESE INSTRUCTIONS ARE IN THE FORH 
Rl ANO R2 SPECIFY REGISTERS. 



OP R1,R2 



WHERE 





PROC 




AOOR 


PNAHE 


20(16> 


SU8R 


PHAHE 


21C16) 


MULR 


PNAHE 


22C16I 


OIVR 


PMAME 


23 C 161 


SR 


PNAME 


1B(16) 



F J (0,01 yFD»a,4,4 F:(l,0),FM2,l),F5t2,OI 

PEMO 

4.10.11.2 LQCIAL^IliiiaiitiMi^is^ysfi 



SET 



THIS IS A GLOBAL "A" 



EVAL 


PHAHE 
LOCAL A,8,C 


. 
A 


B 


SET 7 
SET A 
SET A 



AMY REFERENCES TO A, 8, OR C ^ITHIH THE 

EVAL PROCEOURE SIGNIFY SYHBOLS LOCAL 

LOCAL «A» 

GLOBAL «D«», LOCAL *A» 

LOCAL "B", LOCAL "A* 

AT THIS POINT, VA:CA) ^ 7, VA:{8> = 7, 



PENO 



SET A 
SET 



GLOBAL "C, GLOBAL "A" 

AT THIS POINT, VA:(AI = 5, VA:(C) 
VASCO) = 7, AND VAtlE) = 7 



^ 5 
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5.0 MJMimim^MmsjLims 



The Assembler provides a set of built ifi functions to assign 
and/or retrieve valyes of a symbol attrlbyte. They are usually 
used to aid in paraiieter analysis In procedure and function 
definitions* 

An attribute function Is a replacement operation In which the 
value of the specified attribute replaces the function In the 
expression. The permitted arguments to an attribute function are 
defined later In this section* 

The set of Symbol Attribute Functions CSCs* VASf LBSf LCS» 
LW2f SS: and SMUt and the basic Field Reference Function <wFJ« 
used for par afne ter r ef erenc I ng 1 1 all I nc 1 ude the char act er • J • 
(cofonlf which Is an alphabetic character within the meaning of 
the Asserabler* This character Is Included as a means of avoiding 
potential conflicts with user-defined symbol St and does not 
represent an operator of any kind. Mote that this character must 
foe entered In the MOS ASCII representation. 

The general form of an attribute function Iss 

attr I bute_funct I on_nameC argument) 

where attr lbute_functlon_name Is the name of a specific attribute 
functlont and the argumentt enclosed In parenthesest Immediately 
fol lows* 

All of the symbol attributes discussed In the section on 
Symbol Definition have a corresponding attribute function which 
can be used to retrieve that particular symbol attribute from the 
internal Assembler symbol table. 

5. 1 LlM£yAfi£«l}££IM£0-.MIEiayi£S 

All the attribute functions described In this section are 
built Into the Assembler. 

5*1.1 SYHBQL CATEGORY ATTRIBUTE - SC: 

Formats SC sC argument) 

The SYMBOL CATEGORY Attribute function Is used to determine 
the symbol category assigned to the argument. The argument can 
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5.1.1 SYMBOL CATE60RY ATTRIBUTE " SC5 

be a syrnbo! " name or a PROCEDURE reference field specif Ication. 
This function returns the valye of the category mnd may be used 
for testing* When the ar gunient refers to an expression rather 
than a symbol § the category of the expression will be the 
category of the first term in the expression. The category of a 
HULL^ subfleld. In a PROCEDURE reference is zero, the Symbol 
Category attribute has the following values and meanlngt 

Non-existent symbol. The symbol In question has 
not been encountered by the Ussembler. The 
existence of a blank LABEL field can be detected by 
this category. 

1 The symbol has appeared in a LABEL fieldt nay have 
certain attrlbutest but no operation has taken 
place to further define the symbol. After each 
statement is processed, any remaining category 1 
symbols are erased from the symbol table, unless 
they have programmer defined attributes. 

2 The symbol has been- defined by a CBD pseudo 
instruction and is now recognized as an Instruction 
generating symbol* 

3 The symbol Is an Assembler defined function. 

4 The symbol Is a PROCEDURE call, defined by an FNAHE 
or PNAME pseudo Instruction. 

5 The symbol Is an Assembler pseudo Instruction* 

6 The symbol Is a relocatable address defined by use 
In a code generating statement such as VFD, INT, 
OIHT, FLOAT, OFLOAT, POEC, BSS, BSSZ, ADDRESS, ORG, 
ALIGN, or by the execution of an instruction 
generating symbol defined by a CHO pseudo 
Instruction* 

7 The symbol was defined by a REF pseudo Instruction* 



8 



The symbol Is the symbol *»$* (section counter}* 



9 The symbol Is a list name defined by a SET or EOU 
pseudo Instruction or as the label of a 00 or WHILE 
pseudo Instruction. 

10 The symbol Is a list name of a symbolic list 
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5.0 ATTtlSUTE FyMCTIOMS 

5.1.1 SYHBOL CATEGORY ATTRIBUTE - SCS 



holding PROCEDURE references. The sywbo! was 
defined by a PROC pseydo instructlofi fsee 
PROCEDURES!. 



11 
12 

13 



The symbol is a self-defining term. 

The symbol Is- defined by an AMAHE 
instruction. 



pseu do 



The symbol 
instruction. 



is a list defined by a SECTIQM pseudo 



Symbols defined in the label field of pseado Instructions 
where the label field is not Ignored will have the symbol 
category documented for that Instruction. Symbols defined In the 
label field of the symbolic machine instructions will have a 

Symbol Category of 6. 

5.1.2 ADDRESS HOOE ATTRIBUTE 



Format: AH s I argument) 

The ADDRESS HOOE attribute function is used to 
relocatabi lity of the argument. The arguwsnt 
name or a PRQCEBURE field reference specification, 
returns the value 1 If and only If the argument 
relocatable. Otherwiset It returns a value of ze 
argument refers to an expression rather than 
ADDRESS NODE will be the ADDRESS HOOE of the first 
expression. When the symbol is the symbol *$"t t 
value will be 0. 

5.1.3 VALUE ATTRIBUTE 



determine the 

can be a symbol 

This function 

IS defined and 

ro. iflhen the 

a symbol* the 

term I n the 

he address mode 



Formats VA 5 (argument I 

The VALUE attribute Is used to determine the value assigned to 
the ar gumentf where argument Is either a symbol or a PROCEDURE 
field reference specification. The meaning of the VALUE 
attribute varies with the symbol category of the arguments 
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4 The value of the PNAHE/FNAME symbol when the 
procedure Is called* 

5 Q 

6 (Integer) address assigned to the symhol« 

7 ^ 

S The current integer location counter value* 
9 The value of the first element of the list* 

10 

11 The (word) value of the se If -defining term. 

12 The value Is the programmer defined attribute 
number assigned to the symbol* 

13 The value of the first element of the list 
fthe integer location counter I # 

The value of an expression is the net value found by 
evaluating the expression. A HULL field or subfield has the 
value of zerom 

The VALUE attribute function is processed In a similar manner 
to normal expression evaluation* except that errors caused by 
Invalid use of symbols are suppressed. 

5.1.4 LENGTH ATTRIBUTES 

Formats LB s (argument! 
LC 3 ( argument) 
LW5( argument I 

The LENGTH attribute is used to determine the length In bits 
(L85)f bytes or cells (LC:)f or words CLW?) of the argumentt 
where the argument Is a symbol representing a data or instruction 
area assigned by the Assembler In either a CPU or an lOU module. 
A CYBER 180 CPU word is 64 bits long and an lOU word is 16 bits 
long. 

The LENGTH function rounds up to the next integral number of 
units in cases where the bit length of the argument is not an 
exact multiple of the defined character or word. LENGTH returns 
the value if a symbol has not been defined at the time the 
evaluation of LBSt LCif or L^: takes place* 

As explained in the section on SYHBOL OEFINITIOH* a symbol 
acquires a length attribute when It becomes defined by appearing 
In the LA8EL field of a data generating pseudo instruction* This 
length attribute is the quantity of storage assigned to the 
information labeled with the symbol. A Self-Oef Ining term has a 
LENGTH attribute assigned to that term based on its structure. 
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If the symbol has been defined with a code generating pseodo 
Instruction (category 6J then the bit length Is given by the 
total number of bits generated by the statement* Applicable 
pseudo Instructions Include VFO» IMTt OI^ITt FLOITt OFLOATt POECt 
BSSt BSSZf AOORESS» and CHO calls* A character Is assumed to be 
8 bItSf and the word size Is taken to be 64 bits for a CPU 
module* 16 bits for an lOU i»odul«« 

If the argywent Is a self-defining termt the length Is 
determined based on Its structure* A character string C types C 
and El have a character /byte length egual to the number of 
characters In the string* a bit length of 8*LC. For all other 
types of self-defining terms* the bit length Is egual to the 
appropriate CYiER 180 word size. 

5.1.5 STARTING BIT POSITION ATTRIBUTE 



Formats SB: (argument I 

The STARTING BIT POSITION attribute Is used to determine the 
value of the BIT offset In the stored byte at the time storage 
was assigned to the argument. This function has a zero value for 
all arguments whose symbol category Is not egual to 6* The 
STAf?TING BIT POSITION attribute for an expression Is the STARTING 
BIT POSITION attribute of the first term In the expression. The 
STARTING BIT POSITION attribute of a NULL field or subfleld Is 
zero. The maximum value for this attribute Is 15. 

5.1.6 ELEHENT NUHBER ATTRIBUTE 



for mat i EN2( argument) 

The ELEHENT NUH9ER attribute determines the number of 
subflelds (elements) associated with or assigned to the argument. 
The argument can be any list name and the value of the EN: 
function will be the number of elements assigned to the list at 
the time evaluation takes place. Note that a symbol name becomes 
defined as a list only by appearing In the LABEL field of the SET 
pseudo Instruction. 

When a PROCEDURE field reference is used as an argument to the 
en: function, then one of two forms of substitution take place: 

a) If the specification contains a field Index and no subfleld 
Index (Fs(0)fF5(l)»...etc.)* then the count Is made against 
the actual subfleld elements In the PROCEDURE reference line 
Itself. 
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5,0 ATTRISliTE FUNCTIONS 

5.1.6 ELENENT NUHBER ATTRIByjE 

b) If the Sfjecif icatlofi coiitalns both a field ANO subfield Index 
CE5 <OfO) fF: C2f 0) f .. .etc. I f then the coynt is made a§ainst the 
contents of the designated subfield. 

5.1.7 LAST ELEHEHT NUMBER ATTRIBUTE 



For fiat s EL s C ar ^yroe-nt .1 

The LAST ELEMENT NUHBER attribute determines the elefnent 
nymber of the last eleriRent assigned to the list used as an 
argument. For lists with one or more elements^ 

ELsCar§u!i?entl = EH5 (argument)-! 

F or all n on* 1 1 s t arq ume n t s * 

el; (argument) = 

When a PROCEDURE field reference Is used as an argument to the 
EL5 function* then one of two forms of substitution take places 

a) If the specification contains a field Index and no subfield 
Index (F5(0),F;(l)f,ft. etc. )f then the count is made against 
the actuar subfield elements In the PROCEDURE reference line 
Itself. 

b) If the specification contains both a field ANIO subfield Index 
CFs (Of 0) fF; (2,0) ,.♦. f etc. ), then the count Is made against 
the contents of the designated subfield. 

5.1.8 SYMBOL NUHBER ATTRIBUTE 

Formats SNsCargument) 

The SYMBOL HUHBER attribute determines a unique value 
representing the symbol. This value is only meaningful when used 
for comparison to test equality with the SYH80L NUHSER of other 
symbols. If the argument does not correspond to a symbol, then a 
value of zero is returned. 

5.1.9 RELOCATION ATTRIBUTE 

The Relocation attribute Is not a property of a symbolic name. 
The Relocation attribute is a function that Is used to associate 
relocation Information with the generation of data and as such it 
Is meaningful only when used In an expression In the argument 
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5.0 ATTRI8UTE FUNCTIONS 
5.1.9 RELOCATION ATTRIBUTE 

field of a VFOt CHOt IHT» or OTI^T stateipant. See the example 
below. The fyoction Is valid ofily in a CPU module. If the CPU 
module Is declared *NONiINOABLE*f then the relocation Information 
Is Ignored. This function must have three C3) arguments. The 
relocation function Is called as followss 

RUEXP,RCT,AOT^ 

EXP An expression defining the byte offset to be used as a 
displacement. If the expression Is not relocatable In the 
BINDING section then no •'re location* object text Is 
generated. The function result Is the expression result 
divldedf If necessary, as determined by the AOT subfleld. 

RCT Defines the relocation container type Cwldth and allgnmentl. 
This applies to the field being generated. CNote that only 
discrete values are permitted.) 5 Unless otherwise Indicated 
the field must start on an addressable boundary. 

= Parcel Size C2-bytesl 

1 = Three Bytes C3-bytesl 

2 = Half Word (4-bytesl 

3 - Hord (8-bytes) 

4 = Instr. 0-Fleld C12-bits/H00 4) 

5 « Instr. Q-Fleld C2-bytes) 

6 = Long 0-Fleld (3-bytes) ENTC t EHTA Instr. 
Any other value Is diagnosed as an error. 

AOT Defines the address displacement type of the field. The 
function result Is EXP divided by a constant determined by 
the AOT subfleld as follows: 

= Byte Positive Rt - EXP 

1 = Parcel Positive R: = EXP / 2 

2 = Ha If word Positive Hi ^ E%P / 4 

3 = Word Positive RJ = EXP / 8 

4 = Byte Signed R: « EXP 

5 = Parcel Signed R: = EXP / 2 

6 ^ Half word Signed R: = EXP / 4 

7 ~ Word Signed Rs = EXP / 8 
Any other value Is diagnosed as an error. 

EXAHPLES 

VF0,16 RsCblndlng_sect.dispf5,5) 

5 . 2 EKQ^mmR^ntEmtQ^AiigimiE^EmciiQus 

Any symbol may be given one or more programmer defined 
attributes by first using the ANAHE pseudo Instruction to give 
each programmer defined attribute a name and then using the ATRI8 
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5.0 ATTRIBUTE FUNCTIONS 

5.2 PRQGHmnEU QEflHEB ATTRIBUTE FUI^CTIONS 



pseudo Instruction which assigns a value to a specific attribute 

of a syroboT. The Assembler perinTts the definition up to 16 

programmer defined attribute nanes. Each programmer defined 
attribute is given a name and an attribute number using the ANAHE 
pseudo Instruction* 



IMOEX 


AUmE 


1 


BASE 


mmE 


2 


FREQ 


A.NAHE 


3 



etc. 

Once deflnedf a programmer defined attribute function of the 
forms 

pr ogr ammer def i ned^at t r i bute_name C argumen t ) 

may be used In the same way as an Assembler defined attribute 
function to recover the value of a particular programfiier defined 
attribute assigned to the argument. 

When the argument to an programmer defined attribute function 
Is an express lont the function value Is the value of the named 
programmer defined attribute of the first symbol In the 
expression* 

The names and values can be altered during the course of the 
program assembly using the AHAME and ATRIB pseudo Instructions 
discussed In the section on pseudo Instructions. 

5.3 5IHaQL>AII£iayi£«£lill!£L£S 



length aname 1 .LEfMGTH IS A PROGRAHHER OEFINEO ATTRIBUTE 



dat a 



proc 
pname 



This procedure generates a character string of data 
In the WORKING section starting on a half-word 
boundary. It will also assign the length In 
bytes as an attribute called length. 
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5.0 ATTRIiUTE FUNCTIONS 

5.3 SYHSOt ATTRIBUTE EXAHPLES 



. I abm I dat a char s tr i ng 
• 

use working »puts us 

all gn #4 • put s us 
f2(0,0) vfd,ib:(f?(2,on fM2,OI 

fMO,0) atrib Tengtbt Ics Cf s C2,0|| 

use # last sec 

pefid 



1 fi wor k I n§ s ec t i on 

on a half-word boundary 
.generate data 
•puts byte length 



Tabell 
numbyte 



data C'EXAMPLE* 
set I en gth C I abe ID 



•data procedure call 

•picks up byte length of strin* 
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6.0 OFFSET FUMCTIONS CfWOFF, fHQFF, fPOFF, #BOFF) 



6 . Q££SEI-£yii:iIQ!IS-.lIMQ££«.-.iHQEE4L-.iEQ££ x^iiOEEi 



The offset functions return; the Mordt Ha^f-Mordt Parcel » or 
Syte offset of an address relative to ttue beginning of a CPU 
section In vdhtcb It is defined* for an lOU module, only Word and 
Byte offset are defined. Use of #HOFF or fPOFF In an lOU module 
generates a diagnostic* An informative error will be generated 
If label does not fall on the appropriate boundary. 

The functions are* 

iMOFFCIabell CPU or lOU Returns the offset In words* 

iHOFFC label) CPU only Returns the offset In half-words. 

#POFFflabell CPU only Returns the offset In parcels. 

iSOFFC label) CPU or lOU Returns the offset In bytes. 
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7 . £Ii£g^iaO--£Ey-.S3tl3SQLl£-^l£aii£-lMSISy£IlQiS 



The CYBER 180 Assembler recognizes symbolic notation for all 
CYBER 180 CPU Instructions* Instructions In this §roup are valid 
only for a MACHINE pseudo Instruction type of ClsdCPU. If the 
MACHINE pseudo Instruction type Is CISOIOU the mnemonics listed 
In this section will generate errors* 

The Assembler Identifies each syiwbollc Instruction according 
to Its funemonic* The object <iod^ for the Instruction Is 
qenerated In the block In use when the Instruction Is 



encountered. For a 
InstructlonSf refer 
Mode I* Independent GOS. 

7.1 SlMaQLlC-iQIlIIQi 



more complete description of the hardware 
to the CYBER 180 Processor-Heroory 



This section describes notation used for codln<| symbolic CYBER 

180 instructions. TK** CQW ?*»e't-r-»»j~*-f rvr»ie ar-jo lic'*-ii»*4 -a*- j~ir%r- jHI 5 r»i(« 1r r\ 



The CPU instructions are listed 

the CYBER 180 MIGOS Reference Hunbers* 



according to 



The Instruction descriptions wr^ obtained fro?ii the CYBER 180 
MIGOS. Lengths will always specify the actual number* The 
Assembler will make any adfustments necessary* as when the 
h^r ti'vidkr ei requires the length to be entered as length-1* Any or 
Q field that Is adjusted by the Assembler will be denoted by the 
word label In the mnemonic description* and will then be further 
described as to exactly what the Assembler expects for that 
field. 

The label field of a symbolic machine Instruction optionally 
contains a label. When the label Is present* It is assigned the 
value of the byte offset after It Is forced (If required) to 
parcel boundary. The symbol category of the label will be set to 

6. 

The operation field of a symbolic machine Instruction contains 
an instruction mnemonic and might also contain several other 
subf lelds. 

The argument field contains the Instruction operands as one or 
more subf lelds. 



An optional comment field 
subf le Id of the argument field. 
a period C.) character. 



may B^p^mr following the last 
A comment field must begin with 
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7.0 CYBE« 180 CPU SYMBOLIC HACHII^E IMSTRUCTIOMS 

7.1 SYHSOLIC MOTATION 



The mnemofilcs chosen are descriptive of the actual hardware 
operation being perforned and will provide for a high degree of 
recognition fey the 2nd and 3rd reader- of assembiy language 
programs. In all casest the mnemonics are 8 characters or Tesst 
and in roost cases much less. This should provide for a certain 
ease in prograiwmlng. The rules enforced when defining the 
instructions aret 

o k coiBmon abbreviation used when shortening the mnemonics* 

o The first part of the nfinemonlc describing the action to be 
performed. 

o The second part of the mnemonic further guallfies the type of 
action to be taken (X used to represent a full X register # R 
for right half of an X registert 8IT signifying operation on a 
bit fieldf etc.). 

o The operand fields are written such that fnultl pie subfields 
relating to source or destination are positioned together. 

o Implied registers are written as part of required Instruction 

syntax. 

o The operands are written such that the most significant or 
resultant register is written first. 

7.2 £ey^ieSIEy£IIQIi_£QSMM5 

The figures in this section Illustrate the formats for the 
CYBER 180 i6-bit and 32-bit CPU Instructions generated by the 
Assembler. For all instructions the Assembler generates parcel 
alignment whenever necessary* 

I Operation Code I j f k t i I I 
8 4 4 4 12 

Figure 8.1 CY8ER 180 jklO Instruction Format 
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7.0 CYBER 180 CPU SYH80LIC HACHINE ' IMSTRtJCTIOIIS 

1.1 CPU INSTRUCTION E0RHAT5 



f Operation ! S I j I k I i I I 
I Code I f I I I I 

5 3 4 4 4 12 ■ 

Figure 8«2 - CYBER 180 SjklO Instructions Format 

For these 32-b!t Instruction for mats 5 the jt \i.% and I fields 
provide register designations, the field provide either a 
signed shift countt a positive displacement or a blt-string 
descriptor, d^nd the S field provide a sufe-operatlon code* 

f Operation Code t J I k f 

8 4 4 

Figure 8.3 - CY8ER 180 jk Instruction Forraat 

For this 16-bit Instruction format , the j field provides a 
register designation, a sub-operation code, or d^n ifnmedlate 
op^TdiVid value ax\4, the k field provides a register designation* 

^— ««-•««: — . — «, — -. — +^™+- — •^«-««« » —.4. 

I Operation Code I J I k I Q I 

4.™-, ^^ — , — . -.^^--—.4. «+ — .. — « -««— «-4. 

8 4 4 16 

Figure 8.4 - CYBER 180 jkQ Instruction Format 

For this 32-bit Instruction format, the j and k fields provide 
register designations or sub-operation codes* The 16-blt Q-fleld 
provides a signed displacement or an Immediate operand value. 

7.3 ££M£EAL^CEy-ll5lSISy£IIQIiS 

The CYBER 180 Assembler's t^^ Instructions Group is subdivided 
Into the following classes of Instructions according to function. 

7.3.1 LOAD AHO STORE 



This sub-group of Instructions shall provide the means for 
transferring data. In the form of a single bit, a byte string, a 
64-blt word, or multiple 64-bit words between one or mor^ 
Registers dkt\<^ one or more locations In central memory as 
specified by the Individual Instruction mnemonic. 
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7.0 CY8ER 180 CPU SYNBaLIC MACHINE If^STttiCTIOHS 
7,3.1 LOAD ANO STORE 

For the purpose of estabTlshing operand access validity for 

the associated central nieroorY read and write accessest the ring 
nunraber used for valfdatlori is the value of the ring number 
contained In bit positions 16 through 19 of the associated A 

Register. 

The central memory operand access type Is read-^access for any 
Instruct Ion which loads an A or K register? and wri te-access for 
any instruction which stores an A or X register. 

Instructions which transfer data from one or more Registers to 
central ffiemory* (nawelyt Store Instructions), do not alter the 
contents of any Register which serves as a source of the data to 
be transferred to central memory. 

7.3.1.1 LiIIS*saiISzLQaii£5tQj:e-a^esx^lk^LsQgtb-£ac:-.S 

a) Load Bytes to Xk froii CAJ) displaced by and indexed by CXI) 

Right f Length Per S. 

LBYTS - IFormat = SjklO Op Code ^ 00-07 Ref# = 0011 



Mabel I operation I argument 

I iLBYTSfS |Xk,Aj,XI,0 

S - number of bytes to loadCl-8). 

b) Store Bytes from Xk at (Aj) displaced by and Indexed by 
<XI) RIghtf Length per S. 

SBYT5 - (Format = SjklO Op Code = 08-OF Ref# = 003) 

I I a be 1 t ope ra 1 1 on I ar gumen t 

I |S8YTS,S !Xk,AJ,XI,0 

S - number of bytes to store! 1-8). 
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7,0 CY8ER 180 CPU SYH80LIC MACHIHE INSTRUCTIONS 
7 • 3 • 1 • 2 L X I f L X » SX I « SX-i oa d/ S t or e Mor d § X l< 

a) toad Xk from Clj) displaced by 8^0 an^i Indexed by S*CXI> 

Right* 

LXI - C Format = jkID Qp Code = hi Ref# = 005) 

Mabel foperatfoii largument 
I ILXI !Xk,Aj,Xi, label 
label - byte address* must be on a word boundary* 

b) Load Xk from CAjJ displaced by 8*0. 

LX - {Format = jkQ Op Code •== 82 Refi = 006J 

4.—.. — --«-.«+«-— -.™^ — ^4.-— «•«-.-«--«.«« «^-. 

Mabel foperatlon largupent 

^ -.|.-«. — . ««,^-«- , «. , 

1 ftX |Xk,Aj, label 
label ~ byte address* must be on a word boandary. 

cl Store Xk at CAj) displaced by 8*0 and indexed by 3*{Xf| 
Right. 

SXI - (Format = jklO Op Code = A3 Ref# = 007) 

i labe I I opera 1 1 on I argument 
I ISXI !Xk,Aj,Xi, label 
label - byte addres St must be on a word boundary. 
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7.0 CYBER 180 CW SYNBOLIC MACHINE IHSTRUCTIOt^S 
7.3. 1,2 L]CI,LX,SXI,SK-Load/Store Hord, Xk 

d> Store Xk at ( A j> displaced t>y S^Q. 

SX - C Format = jkO Op Code = 83 Ref# = 008) 



1 labe I I operat Ion I argument 

I ISX |Xk»Aj,!abel 

label - byte address # must be on a word boundary. 



a) Load Bytes to Xk froin CAj} displaced by and Indexed by (Kll 
RIghti Length per XO. 

L8YT - CFormat = JklO Op Code = A4 Ref# = 009) 

+-«^-. -«.^— --«.««.«- ^« — *«««-.««-.«.-«« — «-.«. — « 

tiabel I operat ton I argument 

.f— . -f- . — +. — . . . 

I iLBYTtXO |Xk,Aj,XI,0 



b) Store Bytes from Xk at (Ajl displaced by and indexed by 
CXi> RIgbt* Length per XO. 

S8YT - (Format = jklO Op Code ^ A5 Refi = Oil) 



llabel I operation I argument 

.|..« , ^«««.™-««-.^..^ — - — .-^-.««., 

I |S8YT,X0 fXk,Aj,Xi,0 
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7.0 CY8ER 180 CPU STH80LIC HACHIWE INSTRyCTIONS 
7.3. 1«4 LBYTP-Load Bytest %k Length per j 

a> toad Bytes to Kk from (PI displaced by Qt Lerigtii per j. 

L8YTP - CForffiat = jk^ Op Code = 86 Ref# = 0131 

^- — «, — ««.^^«-«« «—4.« —.«-«. — —-..^-«— «««««««-. 

1 1 a be 1 I ope ra t i on f ar §ume nt 

-I— , ^4.^', -, ^^, — . — - — — , — --, --. — , 

I iLBYTPtj |Xk» label 

label - byte address of the data, 

j - number of bytes to loadCl*-8K 

7 . 3 • 1 . 5 LaiIxSaiIrLQad/Sti3La--Sil:x«.lk 

a) Load 8it to Xk (AJI displaced by Q and bit indexed by CXO) 

Ri 9ht« 

L8IT - (For-mat = jkQ Op Code = 88 Reff = 014) 

1 1 abe 1 I operat ion f argument 

^.^. — «-«, — -^— - — «— . — +«.««^ — «^ . — «, « «« 

I IL8IT |Kk,Aj,a,XO 

b) Store Sit from Xk at (Aj) displaced by Q and bit indexed by 
(XO) Right, 

S8IT - (Format ^ jkQ Op Code ^ 89 Ref# = 0151 

.4. ^— -«.4.«-«-— — -«^^, •-««•. — «« — . . 

I label I operat ion I argument 

I fSBIT tXk,Aj,Q,XO 

7 • 3 • 1 . 6 LAljLLAjLMls,SAzLQadlStQL&jLAk 



a) Load Ak from (Ajl displaced by and indexed by (Xi> Right. 
LAI - (Format = jkfO Op Code ^ AO Ref# = 016) 
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7.0 CYBER 180 CPU SYMBOLIC M.^CHIME IMSTRUCTIOMS 
7. 3. 1*6 LAIfLAfSAI t SA-Load/Storet Ak 



Mabel foperation ^argument 

4. — ««-.-- •.«^.«» -—-..-I.--. «.««.«««, 

f tLAI |AI<,Aj,Xi,0 

b) Load kk from ?Aj> displaced by Q. 

LA - C For mat ~ JkQ Op Code = 84 Ref# - 017) 



t 1 a be I I oper at i on fa rgume n t 

■4..^ , — -+-.«.». . — ^^.^^^^- — ^-.«. — ^«-««.«- — •— « 

I fLA fAk,Aj,Q 

c) Store Ak at CAjl displaced by and fndexed by CXi) Right* 
SAI - (Format = jkID Op Code = Al Refi = 018) 

^.«-.™ .!.--.«««. — -— -I- — .-■ • ■ — — «- 

f label loperatlon largyment 

+^-.---^«-.-+ — . — -«« 4.-— ««-. -«««- -«. . 

I ISAI fAk,Aj,X!,D 

d) Store Ak at (Aj) displaced by Q« 

5A - (Format = jkQ Op Code = 85 Ref# = 01 9 > 

t label I oper at ion f argument 
t ISA jAk,Aj,Q 
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7.0 CYBER 180 CPU SYMiOlIC HACHINE INSTRyCTIONS 
7,3,1.7 LHUtTf SMUtT-Load/Store Hyltiple Registers 

7 • 3 • 1 • 7 LliyLlASiyLIrL2MZSl:Q££-.M«ltipl£-isgial:£i:s 

a) Load Multiple Registers from tAJ> displaced by 8*Qf 
Selectivity per (Xk) flight. 

LHULT - (Format = jka Op Code = 80 Reff = 0201 

f label I operation I argument 
f ILHULT fXk,A|,label 
label - byte addresst must be on a word boundary 

b) Store Hultiple Registers at CAj) displaced by 8*Qf 
Selectivity per CXk) Right* 

SMULT - CFormat = jkO Op Code = 81 Refi = 021) 



llabel f operation larguinent 
f ISHULT iXk.Aj, label 

label - byte address* must be on a word boundary 

• * • • • • • 

7,3.2 INTEGER ARITHMETIC 



Integer arithmetic operations shall be performed on words and 
ha If words contained In Register Xk and Register Xk Rlghtt 
respect Ivelyt as described In the following subparagraphs* 

Binary Integers contained In the X Registers consist of 
signed* two's complement» 32-blt or 64-blt quantities. The 
leftmost bit* (In position 00 for 64*bit Integers and in position 
32 for 32-blt Integers)* constitute the sign bit* 

The ranges In magnitude* H, covered by binary Integers in each 
of the two fixed point formats* ar^ the following: 

32-blt Integer: -2(31 )£M<:2(31 1-1 

64-bit Integer: -2(63)^H^2(63)-1 
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7.0 CYBER 180 CPU SYMBOLIC HACHIf^E INSTRUCTIONS 
7.3.2.1 ADOX,ADOKQ,INCX-Integ€r Suiu, Xk 

a) Integer Suro» <Xkl replaced by fXk) plus CXj>» 

AOOX - (Format = jk Op Code = 24 Ref« « 0221 

.4.--«-«-« — 4.— «: — +«««—« — • „-« — «-«^-«^ 

I label 1 operation farguroent 

! lAOOX lXk,Xj 

b) Intecfer Sumt (Xk) replaced by (Xj) plus Q. 
AODXa - (Format = jkQ Op Code = 88 Reff = 143) 

I label I operation I argument 
I lAODXQ |Xk,Xj,Q 

c) Integer Sumt (Xkl replaced by (Xk) plus j. 

INCX - (Format = jk Op Code = 10 Refi ^ 166) 

.^— , 4. — -.««^. --«+«- — -««-. «..-«-, — «««- 

I label loperation f argument 

^— . — ——--.4. — . — ^ — . +-.« ^ .-«-«-. «». — -« — 

f IIHCX fXk,j 

7 . 3 ,2.2 SUaixQEClrla t£Sfi£-Qi f f fiLfificex-lk 

a) Integer Olfferencet (Xk) replaced by (Xk) minus (X|). 

SUSX - (Format = jk Op Code = 25 Ref# = 023) 

4.--, — -. -4.^—^ — *-- .-«4—»-.— «-«-, — ^-^ ---«-«-« 

I label loperation largument 

I ISU8X tXk,Xj 
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7,0 CY8ER 180 CPU SYH80LIC HACHINE IJ^STRUCTIOMS 
7.3.2.2 SysX,OECX~Integer Difference, Xk 

b> Integer Differ encet {Xkl replaced by (Xkl mlfius j. 
OeCX - (Format ■= jk Op Code ==11 Reff « 167 > 



I label |operatlof5 farguisef^t 

f I OECX IXk,j 



al Integer Product* (Xk) replaced by (Xkl tiroes CXj). 

NULX " (Format = jk Op Code = 26 Reff = 0241 

^ — --. — . — ^ -.+-«-.--« 4.^« — « — ««-^ — ««—.«««« — - 

Mabel t operation I argument 

^f.- «---+-«««-— ---^. — -., — •— ««-^«— «-.. .«-., 

I I HULK |Xk,Xj 



b) Integer Product» CXkJ replaced by (Xj> times Q. 

HULXO - (Format = jkO Op Code = B2 Refi = 168) 

I label loperation largument 

^ — . +«, «-.•+«.. — ««.-•, -.^-«»««.«« 

I IHULXO lXk,Xj,a 

7.3.2.4 QlllzlUtSiUf^C^QUQtl&Qt 

a) Integer Quotientt (Xk) replaced by (Xk) divided by CXJ). 
OIVX - (Fortnat = jk Op Code * 27 Ref# = 025) 

t label loperation I argument 
I IDIVX IXkfXj 
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7.0 CY8ER 180 CPU SYHBOLIC MACHINE INSTRUCTIONS 
7«.3.2,5 kBBU^ mom tlHCR- Integer Sump Kk right 

7.3.2*5 mQ&M,mm^^imMziiitme^^Lim^..m^L^t ■ 

a) Integer Sum$ CXkl Right replaced by (Kk> Right plus CKj) 



AOOR - (For mat = jk Op Code * 20 iefi =027) 

Mabel I operation larguniant 
f tAOOR fXk,X| 

b) Integer Sunif (Kk) Rlc|ht replaced by CXjl Right plus Q. 
AOORQ - C Format = jkO Op Code = 8A Reff ^ 028) 

Ilabel I operation I argument 
I lADORQ |Xk,Xj,a 

c) Integer Suint (Xk) Right replaced by CXk) Right plus j. 
INCR - C Format = Jk Op Code = 28 Ref# - 029) 

I label I operation | argument 

.4..-. ---•.4.— «-—«.— .«.+««•— .«-,-.— «, — ««. •«««»« 

I IIMCR |Xk,j 

a) Integer Dlfferencet CXk) Right replaced by CXk) Right ulnus 
CXj) Right. 

SU8R - C Format = jk Op Code = 21 Ref# = 030) 

Ilabel loperatton largument 
I ISUBR |Xk,XJ 
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7,0 CY8ER 180 CPU SYH801IC MACHINE IMSTRUCTIOMS 
7,3«2»6 SUBRtOECR- Integer Difference, Xk Right 

b) Integer Oifferencet (Xk) Right replaced by (Xkl Right ininus 
J* 

OECR - (Format = jk Qp Code = 29 Refi = 031) 



J ! a be I I ope r a 1 1 on I a r g ume n t 

4. — -^-«^«^^«— «-.«. ^-— «« , 

I lOECR |Xk,j 



7.3.2. 7 IIULSx!!iyLSQzIatfig£L«£f:Qdiict A-lk-.Eigtit 

a) Integer Product, (Xk) Right replaced by (Xk) Right times (Xj) 
Right. 

MULR - (Foriuat = jk Op Code == 22 Ref# = 032) 

I I -abe 1 I opera 1 1 on I argument 
I iHUtR iXkfXj 



b) Integer Product, (Xk) Right replaced by (Xj) Right times Q. 

MULRQ - (Format = jkQ Op Code ^ 8C Ref# = 033) 

+«-«- — -— +•«•• — -^.« , — «— «™ — ««««- 

Mabel foperation fargument 

+«-.«—. — «^4.— «-, — « ^«-.« ^.-«»«— . «« — 

I IHULRO !Xk,Xj,Q 

7.3.2.8 nilRzlut&a&c^^UQtlQnt^^lk^Right 

a) Integer Quotient, (Xk) Right replaced by (Xk) Right divided 
by (Xj) Right. 

OIVR - (Format ^ Jk Op Code = 23 Refi = 034) 

Mabel foperation fargument 

,4. ■I-—'— -I- — ■ ' ^ ^ ' ' — 

\ lOIVR |Xk,X| 
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7.0 CYBER 180 CPU SYH80LIC MACHIME INSTRyCTlOMS 
7.3.2.9 CHPXfCMPR-lfiteger Compare 

a) Integer Compare CXj) to (Xk>t result to XI Right. 

CnPn - (Format - }k Op Code * 20 Ref§ ^ 035) 



4.« — . — «--^.4.— « , ^, — «. -, 

Mabel foperatlon largyment 

^ .. ^^, — . , — . — .^. -«-- 

I ICHPI |XlvXj,Xk 



b} Integer Compare CXjl Right to CXk) Right* result to XI R! 

CMPR - (Format ■= jk Op Code = 2C Refi = 0361 

f I abe I I opera t i on I argufnent 
I ICHPR |Xl,Xj,Xk 



..... . 



7.3.3 BRANCH 



The instructions within this subgroup consist of both 
conditional and unconditional branch instructions* 

Each conditional branch instruction performs a comparison 
between the contents of two general registers. Thent based on 
the relationship between the results of that comparison and the 
branch condition as specified by means of the Instruction's 
operation code, each conditional branch Instruction performs 
either a normal exit or a branch exit. 

Normal exit; Uhen the results of a comparison do not satisfy 
the branch condition as specified by the operation code, a normal 
exit is performed. A normal exit for all conditional branch 
Instructions consists of adding four to the rightmost 32 bits of 
the PVA obtained from the P Register, with that 32^bit sum 
returned to the P Register In Its rightmost 32-blt positions* 

Branch exit: When the results of a comparison satisfy the 
branch condition as specified by the operation code$ a branch 
exit Is performed. A branch exit consists of expanding the 
16-blt Q field from the Instruction to 31 bits by means of sign 
extension, shifting these 31 bits left one bit position with a 
zero Inserted on the right, and adding this 32-blt shifted result 
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7.0 CYBEf? lao CPU SYMBOLIC MACHINE INSTRUCTIONS 
7.3.3 BRANCH 



to the rigtitmost 32-blts of the PVA obtained froro the P Registert 
With the 32-hft sum returrsecl to the P Register In Its rightiiROst 
32-b!t positions. 

Unconditional branch instructions perform branch exits 
according to the appropriate Instruction descriptions contained 

In subparagraphs 2*2. 3. 5 and 2.2. 3.6 of the HISOS. 

The Assembler sets the Instruction's Q field according to the 
value of the » label* subfleld of the Instruction mnemonics » which 
must correspond to a label of an Assembler statement within the 
currently active section. Relative addresses cannot span section 
boundaries. 

7.3.3.1 mim^mmts.mmijLmmtz^timch^£QmditiaBBi 

a) Branch to iP) displaced by 2*a If CXJ) equal to CXkr. 
BRXEQ - (Format = jkQ Op Code = 94 Refi = 037) 



I label foperatlon I argument 
t I BRXEQ IX jtXk, label 
label • byte address of the new location. 



b) Branch to (P) displaced by 2*0 If CXj) not equal to (Xk) 

8RXNE " (Format ^ jkQ Op Code = 95 Ref# = 038) 

f label foperatlon largument 
I I8RXHE |Xj,Xk, label 



label - byte address of the new location* 
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7.0 CYBER 180 CPU SYMBOLIC HACHINE INSTRUCTIONIS 
7*3.3.1 8RKEa,8R,X1^E,8R-XGT,8tXGE-Brancli Condltiona} 

c) Branch to (PI displaced by 2^Q If CXJI greater than CXkl* 
8RXGT - (Format ■= jkQ Op Code = 96 -Ref# ■= 039) 



Mabel foperatton farguipent 
I IBRXGT fXjfXk, label 
label - byte address of the new location. 

d) Branch to (P) displaced by I'^Q If (Xj) greater than or equal 
to fXk). 

8RXGE - (Format = jkQ Op Code = 97 Ref# = 0401 

.^-.-. 4- —.4.—.™-. , — . . — . — 

Mabel loperatlon f argument 

I IBRXGE rxj,Xk,label 

label - byte address of the new location. 



7.3.3.2 a£E£Sxa£S2l£jLS£S£IxiEES£=:£Qliili£iQQal4L«l-.Eislit 

a) Branch to CP) displaced by 2*Q If (Xjl Right equal to (Xkl 

Right. 

8RRE0 - (Format = jkQ Op Code = 90 Refi = 0411 

4--. — . — -—-4... — -««-.«««>-, — — ««««—.,—-««-- 

Mabel loperatlon I argument 

I ISRREQ |XJ,Xk»label 



label - byte address of the new location. 
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7,0 CYBER ISO CPU SYH80LIC MACHINE INSTRUCTIOMS 
7,3.3:.2 8RRE0,8RRI^€»8RRGT,BR.f?GE-Coriditlona!, X Right 

b> Branch to CF) displaced by 2*a if (Xj) Right not equal to 
{Xkl Rights 

8RRME - (Format = jkQ Op Code = 91 Reff = 042) 

1 1 a be I 1 ope r a 1 1 on f a r § uma n t 

f I8RRNE |Xj,Xk,label 

label - byte address of the new location, 

cl Branch to IP) displaced by 2*0 If <Xj) Right greater than 

CXk) Right. 

CT - (Format = jkQ Op Code = 92 Ref# = 043) 

I label I operation I argument 
I I8RRGT fXj,Kk, label 



label - byte address of the new location, 

dl Branch to <P) displaced by 2*Q If CXj) Right greater than or 

equal to (Xk) Right. 

8RRGE - (Format = jkQ Op Code = 93 Ref# = 044) 



■4— « ^ — -.+«---. — «— .^«— «-.~ -^ — ^^— ™. 

f label loperatlon fargument 

+, — •« ^. ••---« ^.-- — •«-«— «^ -: — -««. 

f IBRRGE ?Xj,Xk,label 

label - byte address of the new location. 
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7.0 CYBER 180 CPU SYMBOLIC nACniHE liNSTRUCTIONS 

7»3«3«3 8RIMC-Cond it I ona It ip«fit-h Increment 

a> Branch to IP) displaced by 2*Q and increment (Xk> If (KJ) 

greater than C Xk > » 

8RIMC - (Format = jkQ Op Code = 9C Refi = 045) 



1 1 a be 1 ! ope ra 1 1 on I ar gumen t 
f IBRINC IX j,Xk, label 
label - byte address of the new location 
7 • 3 . 3 • 4 agS££z£Qaditi.QiialA-lk 



a> Branch to IP I displaced by 2*0 If SEGCAjl not equal to 
SEGCAk); else Compare SHCAj) to BNCAk) t result to Kl Right. 

SRSEC; - (Format ^ }kQ Op Code ■= -90 Ref# = 0461 

{label foperation largument 

I I BRSEG I X 1 1 A J f Ak » I abe I 



label - byte address of the new location- 
7.3.3.5 agS£LzyacQadll:i0QaJLEiiafic!3 A^IEl^iodfiiSfiil 

a) Branch to (PI indexed by 2*CXk) Right. 
SRREL - (Format = jk Op Code = 2E Ref# ^ 047) 

Mabel loperation largument 

4.-...««-,- — -+■«-' — -- — . — -.4—™—— — •«.-•«-. — 

I fBRREL iXk 
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7.0 CYBER ISO CPU SYMBOLIC MACHINE INSTRUCTIQMS 
7« 3 . 3« 6 8R0I R-Uncorid 1 1 ! ona 1 Br anch » iM ! ridexed 

7 . 3 • 3 • 6 igQ.IErUa£Qiidii:iofial-.fic:aQd[iju-.i41-.iad-£xad 

a) Branch to (kj) Indexed by 2*(Xk) Right. 

BROIR - (Format = jlc Op Code « If Refi = 048) 

+ — . -4. . -«»^-«.-.— «= .. — «. -. . — . — 

Mabel loperatfon farfunient 

I I8RDIR |Aj,Xk 

• ..... . 

7.3.4 COPY 

The Instructions within this sybgroup provide the means for 

accomplishing inter-reglster transfers to the extent defined by 
the following Instruction descriptions. 

7.3.4.1 £BIllz£Q|i:^-.t Q^Ik^f CQH-IJ 

CPYXX - (Format = jk Op Code = 00 Refi * 049) 

+— . — -— - — ^ -— -- — -.^«-. — «.-. --«-« — •—- •■ 

1 1 abe I I operat Ion I argument 

f t CPYXX fXkfXj 



7.3.4.2 CEIilzCQIii^-t Q-ik-f JCQIB- Ai 

CPYAK - (Format = jk Op Code = 08 Ref# = 050) 



Mabel I ope rat I on 1 argument 

^-, -, ,.-1. ^ .-.«.4.«««« -. 

I fCPYAX fXk,Aj 
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7.0 CYBER 180 CPU SYM80LIC MACHINE mSTRUCTIQMS 
7.3,4. 3 CPYAA-Copy to kk from AJ 

7.3.4.3 ££I4Ar £ap:^^ti}^lk-^i:Qffi«li 

CPYAA - CFormat = jk Op Code = 09 Ref# ^* 051) 

^-.-.— , — . — -^— .-« — — -«-i.— .^«. — ^-^^-««™— ««•«- 

1 1 a be I I ope r a 1 1 on } ar gumen t 

.^.«-.«««^, — -^.-^ -— . — ^—- « — -..-«,«««««-^««-^-«»- 

1 ICPYAA fAk,Aj 



7 .3.4.4 QBtlkzLQUt^tQ^&k^lLQm^lJ 



CFYXA - CFormat = jk Op Code ^ OA Refi = 052) 

I I abe I t operat i on I argument 

.<.--—, — . — «.4.-.--, -..^ ^. — .««.. «, 

1 I CFYXA jAk.Xj 



7.3.4.5 QEimzLmi^^Q^Kk^lght^iJjmJLJ^iutt 



CPYRR - (Format ^ jk Op Code = OC Ref# = 053) 

^-««- — . ^ — ««««^ +-^ -.«- — -•««. 

Ilabe! I operation f argument 

.+-- -f— --. — — 4. — «™«-.,- 

I I CPYRR iXkfXj 

. ..... . 

7.3.5 AOORESS ARITHHETIC 



The Instructions within this subgroup shall provide the means 
for accomplishing address arithmetic to the extent defined by the 
following Instruction descriptions. 
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7.0 CY8ER 180 CPU SYM80LIC MACHINE .INSTRUCTIONS 
7« 3 , 5 • 1 AOO-AQ-Copy ■ k m th i sp I acemefi t 

a ) Addr es s ( Ak I r ep I aced by < A | ) p I ys Q* 
AOOAQ - CFormat = jkQ Op Code = 8E Ref» = 054> 

Mabel loperatlon fargufpent 
I lAOOAa |Ak,A|,Q 

7 . 3 .5,2 .40Q£lSz.CQii^«£-.i!cirii«iiul£^ii2S-.aiad_llisalacaiisat 

a> Address CAk) repTaced by CP) plus 2*(Xj> Rlglit plus 2*0* 

AODPXQ - (Format = jkQ Op Code = 8F Ref# = 055) 

4—-^ — «.«-^«.--« -. — +-«-.-«-« , — -^^--, — -, — -- . 

f label loperation largument 

I lAOOPXQ |Ak,Xj,1abel 

label— byte address of the new location. 



7.3.5.3 iaQAl-A-iadeasad 

a) Address CAk) replaced by <Ak) plus (Xj) Ri 

AOOAX - (Format - jk Op Code = 2A Ref# = 0561 

+— «-, . -^«-. -.«««—--.. ^-^«—.- — •«--«-- 

1 1 a be 1 I ope r a 1 1 on far gume n t 

-4., — • — —.«-+« — «-«= .-I.— ««.-«.««-««--«« 

I I AOOAX lAkfXJ 
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7,0 CYBER 180 CPU SYH80LIC HI^CHIHE INSTRUCTIONS 
7«.3»5.4 AOOAO-Copy A with Ofsplacement, Modylo 

a) ilddress (.4k) replaced by CA!) plus per J* 

mom - CForroat = jklO Op Code = A7 Reff = 161) 

1 1 a be I I ope r a t i on f ar gumen t 

\ lAOOAO |Ak.A!,D,j 

• « • • • « • ' 

7.3.6 ENTER 

The instructions within this subgroup provide the means for 
entering Ifnmedlate operandSf (consisting of logical quantities of 
signed, two's complement binary integers! ♦ Into the X Registers 
to the extent defined by the follo5?^ing Instruction descriptions* 

7,3.6.1 mmxEMmzEut^^j 

a I Enter Xk with plus j. 

ENTP - (Format = jk Op Code = 30 RefM = 057) 

-I-, «, — • — ^-. .«-^— -..^.« — -^ — »-.«--««.« ™.-^-«— - 

Mabel I operation I argument 

I 1ENTP lXk,j 

b) Enter Xk with minus j. 

ENTH - (Format = jk Op Code = 3E Ref# = 058) 

.|.-«-^ -,-.^— .-•«« — -«4.«, — ™. — -««^— ••.««««- 

I I abe I I oper at I on I argument 

.^.— « — -«-«>- — «—-—-, ^« -«-«•-—«-«--—««•- 

I jENTN fXk,j 
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7.0 CYBER 180 CPU SYMBOLIC nhCHlHE INSTRUCTIONS 
7.3,6.2 EMTE-Enter 



7 • 3 • 6 ■• 2 EMIEztQtQL^Q 

a) Enter Xk v^Ith sign extended 0* 

Ef^TE - (Format = jkQ Op Code = 80 Ref# = 0591 

t labe 1 I operation f arguiiient 

+--———-+ -— ^ -I--' -■ — ^ ~- 

f lEMTE |Xk,Q 

7.3.6.3 EMILjiEMIlrEntaci^ill 

a) Enter XO with logical jk. 

EMTL - (Format ^ jk Op Code = 3F Ref# = 060) 

+«-^. — — ^-^-^ — ^ ««-^.— ««, — --^ «--, 

f I a be I I ope r a 1 1 on f ar gyroen t 

I lENTL |XO,jk 

b) Enter XI with logical jk. 

EMTX - (Format = jk Op Code ^ 39 RefM = 164) 

+- . — ---I- •«-.-.- — -. — ^.-— —.-—.« «... 

1 1 abe I I ope ration larg ume n t 

I lENTX fXlfjk 
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7,0 CYBER 180 CPU SYMBOLIC MACHINE IMSTRUCTIOWS 
7.3. -6.4 ENTZ,E:NTa,ENTS-Enter Signs 

7.3.6.4 £liIIx£liIS.j.£liXSr£ElLai:^Sisas 

a) Enter Xk Left with signs per j. 

The value of- the right most 2-bits of the J fiel-<J from the 
Instryction shall be translated as followss 

If OOf 32 bit positions of Xk Left shall be cleared 
(zeroes I. 

If 01 f 32 bit positions of Xk Left shall be set Cones I. 
If 10 or lit 32 bit positions of Xk Left shall be set to 
the value of the sign bit In position 32 of Xk Right. 

EUJI - (Format = jk Op Code = IE Ref# = 061) 
ENTO - (Format = Jk Op Code - IF Ref# = 061) 
EHTS - (Format = jk Op Code ^ IF Ref# ^ 061) 



f label I operation f argument 

+-.-, — . -.-4. «.-.--«.^ — ,+—.-«-.- — «... — --.-.—«-«-.-«..« 

f lENTZ I 

f lENTO IXk 

! lEMTS f 

The assembler computes the value of J from the specific 
Instruction mnemonic used. 

7.3.6.5 £MI£r£li tac^Il- JkS 

a) Enter XI with sign extended jk0. 

ENTC - (Format = jkO Op Code = 87 Refi = 165) 

Mabel loperation Jargument 

^ —§.—«—-«, — ^«— « -— — . • «- 

I I ENTC fXlvJkQ 
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7,0 CYSER 180 CPU SYH80LIC MACHINE INSTRUCTIONS 
7.3.6,6 E:NTA-Enter XO jkQ 



a) Enter XO with sign extended jk9. 

EMTA - (Format = jkQ Op Code = 83 Reff = 169) 



I label loperatlon fargufueot 
f lENTA 1X0, JkQ 



• • • • • « 



7,3. 7 SHIFT 



The Instructions within this subgroup provided the means for 
shifting the Initial contents of the Xj Register and transferring 
the result to the Xk Register* to the extent defined by the 
following descriptions. 

All of the Instructions within this subgroup derive the 
computed shift count in the following manners The rlghtnost 8 
bits of the field from the Instruction Is added to the 
rightmost 8 bits Initially contained in bit positions 56 through 
63 of Register XI Right and the 8-bit sum represents the computed 
shift count. Any overflow from the 8-blt sum Is ignored. In 
this context, the contents of Register XO Right are interpreted 
as consisting entirely of zeroes. 



The Ins 
computed 
position o 
direction 
positive ( 
Hhen the 
these Inst 
shifts sh 
For 64-bit 
from 1-64 



tructions within this 
shift count as follows 
f the 8-bit computed shI 

of the shift. Mhen 
sign bit of zeroj, these 

computed shift count 
ructions shall right sh 
all be from 0-31 bits 

guantltleSf shifts shal 
bits right. 



subgroup shal 

s The sign-bi 

ft count shal 

the computed 

instructions 

Is negative C 

ift. For 32 

left and from 

I be from 0-63 



I interpret the 
t I n the leftmost 
I determine the 

shift count is 

shall left shift. 

sign-bit of one I, 

-bit guantltles, 

1-32 bits right. 

bits left and 



When these Interpretations of the computed shift count result 
in an actual shift count of zero, the associated instructions 
transfer the initial contents of the Xj Register to the Xk 
Register and no shifting Is performed. 
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7,0 CYBER 180 CPU SYMBOLIC HACHINE INSTRUCTIONS 
7«3.7.1 SHFC-Shift CXJ> to Xk, CircuTar 

7 . 3 » 7 . 1 ,SII££rSl2if t-llii-ta-lkx^Sinciilac 

a) Shift (Xj) to %k Circular, Direction and Count per <X!) Ul 
plus D« 

SHFC - C Format ~ JklO Op Code = A8 Ref# ' 062 > 



Mabel loperation largunient 

+-.-., — « — «-+— , «-«.-^.^«, — «— » — -. 

I fSHFC fXk,Xj,Xi,0 



7 . 3 • 7 . 2 SMElxSa£g=Shif t.ilJl«tQ«lkx^£adrflf f 

a) Shift CXJ> to Xk, Oirection and Count per (Xi) Right pTus 0< 

SHFX - (Format = jklO Op Code ■= A9 Raff = 063) 

I label Joperatlon fargument 

I fSHFX |Xk,Xj,Xi,0 



b) Shift (XjJ Right to Xk Right, Direction and Count per <X!) 
Right plus 0» 

SHFR - (Format = jklO Op Code ^ AA Ref# = 064) 

-I., — . -. ^ , — . ^, . .... . 

ll a be 1 I ope r a t i on t sir gumen t 

^ — ..... — ^...— .. — ..^..... . — ............. — 

I I SHFR !Xk,Xj,X!,0 
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7,3 ,8 LOGICAL 

The Ir^struct tons mthln this subgroup sNal I provide tfie means 

for performing Boolean operations on the 64-bit vsrords contained 
in the X Registers- to the extent defined by the fol lowing 
i ns tr yet I on des cr I pt I ons • 

7 • 3 . B . 1 IClgixIQSI!lxlM0Iry2ai£al-.Siii2ji«Qif f ^^.-aiiil^ELQda. 

a) Logical Sum CXk) replaced by iXk} OR CXjK 
lORK - CFormat = jk Op. Code = 18 tefi = 065) 

I label I ope r a 1 1 on I a r g ume n t 
f IIQRX |Xk,XJ 

b I L og I c a I 1 f f er en ce # CXk) r ep I ac ed by C Xk ) EOR ( X j ) • 

XORX ~ (Format = Jk Qp Code = 19 Ref# = 066) 

! label loperatlon fargument 
I I XORX IXkfXj 

c) Logical Product? CXk I replaced by CXk) ANO CXj)» 
ANDX - (Format = jk Op Code = lA Reff = 067) 

I label loperatlon fargument 

^ +-.-«-.«•«— ^ — -^ — -««•. « «.- 

I lAHOX |Xk,Xj 
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7#3,8»2 NOTX-Lof ical Complement 

7,3«8.2 MQIlzLQsicBl-£Qi2plaai£Ql: 

a) Logical Complete ntf (Xk) rep laced by (Xj) UQJ* 

NQTX - (Format ^ jk Op Code = 18 Ref# = 068 > 

f I a be I f ope rat! on tar ^y ne n t 
t IMQTX IXkfXj 



7.3,8.3 IMMlrL0gical-laiiihit 

a> Logical Inhibltt (Xk) replaced by (Xk) AND (Xj> NOT 

INHX ~ (Format = jk Op Code = IC Refi = 069) 

f label loperation far<|ume}it 
I fINHX tXk,Xj 



• • • « • • • 



7,3.9 REGISTER BIT STRING 



Tbe Instructions within this subgroup provide the means for 
addressing a contiguous string (field) of bits, beginning and 
ending independently with any bit positions within a 64-blt word. 

For each of these Instructions In this subgroup, the bit 
string Is addressed by means of a 12-"blt field referred to as a 
bit string descriptor. Any field of bits, including the field 
constituting a bit field descriptor. Is numbered from left to 
right, with the leftmost bit numbere<i 00. The six-bit subfleld 
In bit positions 00 through 05 of a bit string descriptor 
designates the beginning, or leftmost, bit position within a 
64-bit word* The 6-blt subfleld In bit positions 06 through 11 
of the bit string descriptor Is a length designator that Is 
Interpreted as designating one less than the length (In bits) of 
a bit string within a 64-blt word. 
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7.3.9 REGISTER BIT STRING 

81 t String Oescrfptor 

100 05106 11! 

I Leftmost Position Designator | Lengtfi Deslcirtator I 

4., — ^. — --. — ^-. — . — ^. «, — ■ — ,:. : — .4.^. -.-— --^-. -«««-, «, ^ 

(Bit Lef!gth-1> 

For all Instructions within this sufogroupt Indexing Is carried 
out as follows s the bit string descriptor obtained from the 
field of the Instruction Is zero-extended on the left to 32 hits 
and then added* without overflow detect lont to the contents of 

register XI Right (In this contextt the contents of register XO 
shall be Interpreted as all zeroes)! the rightmost 12 bits of the 
result is then interpreted as a bit string descriptor, in the 
manner described above. 

7.3.9.1 ISQMrlSQlatfi^Sit^Mask 

a) Isolate Bit Hask Into Xk per CXI) Right plus 0* 

ISOM - (Format = jklO Op Code = AC Ref# = 070) 

+«.*—. — -•-+—-.. — . +« «-.. — , , — , . 

I label loperation largument 

I IISQH fXk,XI,0,j 



7.3.9.2 iSQarlsQlaHfi-ialQ-lk 

a) Isolate Into Xk from Xj p^r (Xl) Right plus 0. 
IS08 - (Format ^ jkID Op Code == AO Ref# = 071) 

I label loperation I argument 
I IIS08 |Xk,Xj,XltO 



7-30 

COC - ADVANCED SYSTEMS OeVELOPHENT 

86/10/1? 

CYBER 180 II .^ssenbter EtS Rev: F 

7,0 CY8ER ISO CPU SYHBOtIC MACHINE INSTRUCTIOHS 
?• 3*9.3 If^SS-Insert fiito Xk 



7 • 3 .. 9 • 3 IMSarlasfinl- iato^Ik 



a> Insert Into Xk frofii Xj per CXI) tight plus Di 

INS8 - (Format ^ jklO Op Code = AE Ref# = 072) 

^- . , — ^«««««-— — 4.«— «.«-.«. .. ««., 

f 1 abe I f oper a 1 1 Ofi I ar gymen t 

^ — , . — , — ^ — , — «. ^«, , — ^^ — , 

I 11HS8 fXk,Xj%Xi,0 

7.3.10 nmK-nmK to booleah 



This Instruction tests the two bits InltlalVy contained In the 
leftmost two bit posit lonst 32 and 33, of Register XI l?!<|fit 
according to the 4~blt j field fron? the Instruction. When the 
^aly£L of the two leftmost bits Initially contained In Register XI 
Right Is equal to any of the one or more values specified by the 
Instruction's j field* Register Xk shall be cleared in bit 
positions 1 through 63 and set In bit position 0, yhen the ub1u& 
of the two leftmost bits Initially contained In Register XI 
Right Is not equal to any of the one or fiiore values specified by 
the Instruction's j field* Register Xk Right Is cleared In all 64 
bit positions* through 63. 
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The values of the J fleTd and the leftmost tv«?o bits Ifiltlally 
contained in Register %1 Right shall be interpreted with respect 
to eqyaHty lEQ} as follows J 

I ] f Binary Value of Sits 32 and 33 of Kl Rightf respectively I 
f I 00 f 01 I 10 I 11 I 

1 0000 1 Unconditional inequality f 

10001! f f I EQ I 

4. 4.»-^ — ^. -.--«4.« — -. « «««4.«.««-«™™--«-4..««««-.«- 4. 

lOOlOf f I EQ I I 

4.. ..4.-«. , -.-«-. 4. •««-«...«— --.-.4.---, , -.-.«. . .4.—.-.-. «-« — .4. 

loom f I EQ f EQ I 

.4. «4.-«« — - — «— « — 4. «-«-.. 4.«.. «««- «« 4— «-.^ -«^»-«4. 

lOlOOl I EQ I I f 

4. -4. — -, . — — .4. . --, -. 4.-< . — , -«-. -4.-.-^^-^™. «4.- 

1 01 01 1 I EQ I f EQ I 

lOllOf f EO f Ea I t 

,4.--. — 4..«^-««^«, «..«4. .«-««—--«.---«. .4.-^, ^.— «-,«—— .4— «.-. — «««— .4. 

101 111 I EQ f EQ ! EQ I 

4.-^ 4. — .«, . — 4.*«^ •™4— ««-«--«—««— 4.— ™- -^-4. 

flOOOt EQ II f I 

.4.,.-.— 4—, . --—4. , «. , . 4. «. . •».4... — , 4. 

llOOlt EQ I I I EQ f 

llOlOf EQ I I EQ I I 

.4.«-«.— .4.«« . --««- 4.-. — «-— «. -4.-«™. «, w-.. — .4..-: -.«.««-«.«-«4. 

1 1011 f EQ I } EQ ! EQ I 

fUOOl EQ I EQ I I I 

4., 4.- «-««• — „-.«-«.4..-.^-.«- — -.«-«4.. -« --4. -«, — 4. 

1 1101 1 EO I EQ I I EQ I 

.4. — , — ,4. ^ •-.4.-—., — ««-.-« ..4. -.«««.—.«-««- 4.. — «^«.-— .-^ — 4. 

IlllOl EQ f EQ I EQ I t 

.4., 4. «. 4. ^ — ^ 4.- ■ . -. .4— — - — - — « — + 

mill Unconditional Equality I 

nil 

+++■•- — — — + I f I 

4.4.4. — — —^ — -4. I J 

4.4. , , — , — . — . ^ — -.4. I 

.4., — : — . ^ — . — . — •-. — , — -.. . — , — . — 4. 

The four individual bits of j can be visualized as Individual 
pointers which are associatedt from left to right* with the four 
possible values (00,01, lOtll) of the tested bit-pair (bits 32 and 



7-32 

coc - mymcED systems oevelopmemt 

86/10/17 

CYBER 180 II Assembler ERS RevS F 

7:.0 CYBER 180 CPU SYHBOtIC MACHINE INSTRUCTIONS 
7.3.10 MARK-MARK TO BOOLEAN 

33 of Register XI Right). For examplet If J = 0101 ♦ equality Is 

detected when the value of the tested bit pair Is 01 or 11. 

a) Set %k per j and (Xl) Right. 

HARK - (Format ^ jk Op Code = IE Ref# =1451 



^.-«« «-. 4.«.«, -.«« — 4.-^«.-««--, .««-«^: ««« 

1 1 abe I I ope r a t i on I ar gymen t 

f I HARK tXk,Xl,j 

• « • « * . • 

7 . 4 iySI!i£SS-.QiI4-.eS0C£SSIMIi«iMSI£yi:iiQMS 

The general form of execution for this group shall involve the 
uti llzatlon of a first data field In central memoryt referred to 
as the *source'»t to modify, rep lacet or compare with a second 
data field In central memory referred to as the •'destination*. 
Both the source and destination fields shall he individually 
described by fueans of Independently designated Data Oescrlptors# 
with respect to the types of representation, sign and zone 
conventions, lengths and relative locations of the data fields. 

The Oata Descriptors shall be obtained from central memory at 
locations Imwedl ate ly following the 80P Instruction, as defined 
by the BOP Instruction format and number of descriptors used by 
the Instruction. All descriptors consist of a 32-foit half word, 
aligned to a parcel C16 bit) boundary In central memory. 

7.4.1 GENERAL DESCRIPTION 

The Instructions of this group utilize the jk and jklO 
Instruction formats In combination with one or two descriptors In 
the following comb I nations 5 

1 ) jk an d t wo de scr i p t or s . 

Operation Code j k 

P I 8 14 14 1 

+«-—. — — -«. -^.- «-+-«« + 
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Descriptor j 

^..«, — -.-. — -.»« -«« — «- . — •-..•.-. — , — , + 

P-^2 f 32 f 

Descriptor k 

^-.««, -— ^ — -». — «-—-««——««««--.- ^. 

P^6 I 32 I 

2) jkid and two descriptors. 

Operation Code j k i 

^h-«. . , 4— «.*4., -i.-.-«4.«— , — «-. — f. 

P 1 8 I4I4I4I 12 I 

Descriptor j 

P^4 I 32 I 

Oe script or k 

+•- ^- «-— = . — ««— . — . , — «-^ ^ 

P^-8 I 32 I 

4- — ^ — -. ^. — — , . -. , . . — ^. 

3) jk 10 and one descriptor. 

Operation Code j k f 

P f 8 |4fA|4| 12 I 

Descriptor j or k 

P+4 I 32 I 

^ ^ — . — , . , — «-—— , . «. — «.|. 
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7.4.1.1 Q^&LSLtlOB^QQSkLSi 



A total of 18 operation codes shall' fee ytlllzed by the 
Instructions comprising the 8DP Instruction group. For the 
purpose of this specification* the BOP Instruction group shall be 
further divided Into four subgroupst including *short** 
instruction namest as followss 



NOTES For the order of exception sensing for these 
as well as all other instruct ions t refer to 
Proces SOI — Memory Mode I -Independent GOS* 



Instructions* 

the CYBER 180 



Subgroup 



Short Hame 



BOP Numeric 1 Sum 

J Difference 

1 Product 

I Quotient 

1 Scale 

1 Scale Rounded 

1 Dec i ma 1 C omp ar e 

1 NufBer i c 


Byte 1 Compare 

1 Cofppare Collated 

1 Scan WhI !e Hon-'Hember 

1 Translate 

1 Hove Bytes 

1 Edit 


Subscript ! Calculate Subscript 


Immediate Oata 1 Hove Immediate Data 

1 Compare Immediate Oata 
1 Add Immediate Oata 



7.4.2 OATA OESCRIPTORS 



7-35 

COC - ADVANCED SYSTEMS OEVELOPHiNT 

86/10/1? 
CYBER 180 II ikssemblBr ERS Revs F 

7.0 CY8E« 180 CPU SYMBOLIC MACHIME INSTRUCTIONS 
7.4.2 OATA DESCRIPTORS 



The generated Oata Oescrlptor shall be formatted as followss 

I F f I T I t f I 

I 1 I 3 I 4 I 8 I 16 I 

00 32-bit Oescrfptor 



yhen specifying the data descriptor* the field Is not 

specified. The format for the soyrce descriptor (SOI and the 

destination descriptor COO) Is the samet and is specified as 

F,T,L,0. 

F - 1 bit - field specifier for length 
T - 4 bits - data types 
t - 8 bits - optional length field 
- 16 bits - offset address field 

The data descriptor fields may be specified via either of two 

fuethods. 

1. - The field may consist of four subflelds each containing 

an evaluatabte expression. 

2. - The field may consist of a single SET or EOU symbol 

(category 9) which is associated with four values* 

Example 5 

A00N»A7,X0 AF,X1 0,7,0,16 1,7,0,16 .OESCRIPTOR 

.FIELDS ARE F,T,L,0. 

OSCRPTR SET 0,7,0,16 .80P DESCRIPTOR 

A00N,A7,X0 AF,X1 OSCRPTR OSCRPTR .ALTERNATE HETHOD 

7.4.2.1 fillE-Oesci:i»tQ£:x-n-.£iald 

The field is a 3 bit reserved field in bit positions 01, 02 

and 03 of the data descriptor. Interpretation of other Oata 

Descriptor fields follow. This field is not specified In the 
Instruction. 

7.4.2.2 SQ£-Qpa£3flll-Iyj2£A«I_El£lll 

The T field shall consist of 4 bits. In bit positions 04 
through 07 of the Oata Descriptor, and shall describe the type of 
data representation used In the associated source or destination 



7-36 

CDC - ADVANCED SYSTEMS OEVELOPMENT 

86/10/17 

CT8ER 180 M Assembler ERS Rev: F 

7.0 CYBER 180^ CPU SYH80LIC HkCWlUE IHSTRIICTIOHS 
7.4.2«2 BOP- Operand Type-, ■ T Field 

field. The 16 values of the T field are assigned data type 
representations as follows: 

Packed Oeclmal No Sign 

1 Packed Oecfmal No Sign Leading Slack Digit 
2. Packed Oeclmal Signed 

3 Packed Dec I ma I Signed Leading Slack Olgit 

4 Unpacked Oecimal Unsigned 

5 Unpacked Decimal Traf I Ing Sign Combined Hollerith 

6 Unp acked Dec I ma I Tr ailing SI §n Sep ar ate 

7 Unpacked Decimal Leading Sign Combined Hollerith 

8 Unpacked Decimal Leading Sign Separate 

9 Alphanumeric 

10 Binary Unsigned 

11 Binary Signed 

12 Translated Packed Decimal Signed 

13 Translated Packed Decimal Signed Leading Slack Digit 

14 Translated Binary Unsigned 

15 Translated Binary Signed 

As determined by the operation codet source and destination 
fleldf data types shall be restricted to only those combinations 
which are defined as valid within the instruction descriptions. 
The designation of Invalid T field combinations within the 
associated Data Descriptors shall result In the detection of an 
Instruction Specification errort the Instruction's execution 
shall be inhibited and the corresponding program Interruption 
shall occur* The term "freely compatible* as used In the BOP 
Instruction descriptions, means that any allowable source field 
data type may be used with any allowable destination field data 
type. 
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7 • 4 • 2 ■. 3 SQE-.Qp£.i:aail-.liliii:£SSA->Q-£ii£ld 

The PV^ corresponding to the leftmost byte of a 80P source or 
destination field s^all be obtained by utilizing the 16 bit 
field of the corresponding data descriptor (bit positions 16 
through 31) as a byte Item count to be added as a sign extended 
32 bit offset C2*s complement for negative offset) to the byte 
number C8N) portion of the base PVA contained In Register Aj or 
Ak respectively. 

7.4.2.4 BO£.Q|2.fi£.ai2d-LeiigtliA-.£_ jad-L^Eislds 

The length in bytes of a BOP source or destination field shall 
be obtained according to the value of the l*blt F field (bit 00) 
of the corresponding descriptor as follows 5 

£ L^Qgtli 

Obtained from the 8 bit L field (bits 08 through 15) of the 
corresponding descriptor. 

1 Obtained from bits 55--63 of XO Right for the first 
descriptor following an instruct! ont and from bits 55"-63 of 
XI Right for the second descriptor following an Instruction. 

Although field lengths as long as 256 bytes are possible, the 
length of a BOP operand shall be restricted to a smaller value 
for decimal and binary operatlonst according to the operand data 
type. These inclusive limits are the following: 

19 bytes for Packed Decimal (types through 3t 12 and 13) 

38 bytes for Unpacked Decimal (types 4 through 8) 

8 bytes for Binary (types lOt 11, 14, and 15) 

When any 8DP field length exceeds the specified maximum 
associated with a given data type, an Instruction Specification 
error shall be detected, the execution of that Instruction shall 
be Inhibited, and the corresponding program Interruption shall 
occur. 

If F equals 1, then only the rightmost 9 bits of XO and XI 
will be checked to determine whether or not the field length 
exceeds the maximum allowed. The other bits of XO and XI will 
not be Inspected. 
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7.4.3 DATA AMO SIGN CONVENTIONS 



Ulth respect to numeric data and sign convent I onst 

interpretation shall be performed according to Type CT) where 
applfcablef for characters CO t Of gits <D> and Signs iS}§ using 

hexadecimal notation. 

NOTE* Data field examples are lllystrated In the CYBEf? ISO 
Pr ocessor-Hemory Mode I ~ Independent GOS. 

7.4.4 BOP NUHERIC 



The Instructions In this subgroup shall provide the means for 
per forffiing arithmetic, shift, conversion and comparison 
operations for byte fields In central memory consisting of 
numer I c dec I ma I data • 

Unless the length and format fields within the Data 
Descriptors associated with the source and destination fleldst 
conform to the restrictions defined within the following 
Instruction descriptions* the detection of a Length or Type error 
shall result In an Instruction Specification Error condltionf the 
execution of the associated Instruction shall be inhibited and 
the corresponding program Interruption shall occur. 

Overflow Into or other alteration of the slack digit of 
destination field types 1 and 3 is not allowed. The result shall 
be right justified in the destination field. If the decimal 
result Is shorter than the destination field, the destination 
field shall be zero filled to the left. If the result Is longer 
than the destination field, the result shall be truncated on the 
left as necessary. Thus, conceptually, these instructions shall 
process the data fields from right to left. 

Note that these conventions shall cover the end cases for 
numeric operands of length equal to 1 for all numeric data types. 
For Instance, a Hove Numeric from a type 5 operand to a type 3 or 
type 6 operand of length 1 would amount to an extraction of the 
source field sign. 

A source BOP operand of numeric type (0 through 8 and 12 
through 15) and a length zero, shall be Interpreted as the value 
zero. 

A destination 8DP operand of length zero shall transform the 
associated Instruction into a no-op. However, exception sensing 
for the source field shall occur normally, including the testing 
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for an Arithmetic Loss of St <|nl f icance or Arithmetic Overflo*^ 
condltlorif provided the source field does not aVso Nave a length 

of zero. 

Minus zero shall be consfdered equivalent to plus zero by all 
the Instructions In this subgroupf with respect to decimal 
numeric data* 

The representation for zerot zones and signs shall he normally 
deteriifiined by interpreting the T field from the Data Descriptor 
associated with the destination field* 

Division by zero shall not be allowed to the extent that the 
destination field In central memory shall not be changed and a 
Olvlde Fault condition shall be detected* 

Each source digit shall be checked for decimal digit validity* 
An 1 nva 1 1 d dec I ma I digit sha 1 1 cause an I n va lid 8 OP Oat a 
condition to be detected and» If enabledt a program Interruption 
shall occur upon the coropletlon of these Instructions* 

7.4.4*1 iLitboistic 

a) Decimal Sumt OCAkI replaced by OCAk) plus OCA J)* 

074 jk C2 descriptors) 

b) Decimal Olfferencef D(Ak1 replaced by OCAkI minus OCAJI* 

075 jk (2 descriptors) 

c) Decimal Productt D{Ak) replaced by 0(Ak) times OCAjl* 

076 jk (2 descriptors) 

d) Decimal Quotient t OCAk) replaced by DCAk) divided by OCAj)* 

077 jk {2 descriptors) 

Operation: These instructions shall arithmetically modify the 
initial contents of the destination field In central memory* 
(treated as an augend, minuend, multiplicand or dividend as 
determined by the operation code) by the contents of the source 
field In central memory (treated as an addend, subtrahend, 
multiplier or divisor as determined by the operation code) and 
shall transfer the decimal result consisting of a sum, 
difference, product or quotient, as determined by the operation 
code, to the destination field in central memory. 
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Typess All Packed decimal types and a1 1 Uitpacked decimal types* 
except for the Leading Sign forniatSt shall be freely allowed for 

decimal arithmetic! I«e»t types through 6f 12 and 13 shall be 
compatible for these Instructions* 

Unpacked Decimal Leading Sign <feoth conventionsi shall not be 

supported In the decimal arithmetic, k Mumeric Hove Instruction 
rnust be generated to format the operands of those types prior to 
their use In arithmetic operations. 

Lengths J The maximum allowable lengths for the source and 
destination fields shali be determined according to their 
respective decimal data types. 

NOTE: Oeclmal operands shall be treated as Integer values. 

Hhen the results of these instructions eKce^d the capacity of 
the designated field such that significant digits are not stored 
Into central memory, an Arithmetic Overflow condition shall be 
detected. Hhen the corresponding user condition mask bit Is set 
and the trap is enab^edf instruction execution shall be inhibited 
and program interruption shall occur. 

7.4.4. 2 lllOi^Sy EM^MyLM^Qi:^!lrlcitliS3£tic 

a> Oeclmal Sum, OCAk) replaced by OCAk> plus OCAjl. 

AOON - fForfpat = jk2 Op Code = 70 Refn = 0751 

! label I operation [argument 

+, — -, — , +— . ««, 4. , — ^ — . , , — 

I |AOON,Aj,XO fAk,Xl SO 90 

Uhen the F field in the data descriptor Is egual to Ot the 
length register (XO for source* XI for destination) is not a 
required parameter. 
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b> Decimal Off ferencef Dikk} replaced by 0<Akl minus OIAJI-.. 

Smn - C Format = jk2 Op Code ^ 71 Ref# = 0751 

+-«. — -, — ««..^.— .-™-. +— ^ — = -«««.-—«-« 

1 1 abe I I oper a 1 1 on I ar guinei^t 

.|..«, — -.— ^-«>— «-- .. -.^«. — -« — — -, — , -««-«« 

I |Sy8M,Aj,X0 |Ak,Xl SO 00 

Whan the F field iri the data descriptor Is equal to^ 0, the 
length register CXO for sourcet XI for destlnationl is not a 
required p ar ame t er • 

c) Oecimal pr oductf OCAk) replaced by OCAkI times Of Aj). 

mm - (Format ^ jk2 Op Code = 72 Ref# = 0761 

+ -^,-«— I- — «-««--..«-+«« — — — .- — «^ — ««, — —.- 

Mabel I operation I argument 

t rNULHtAjfKO |Ak,Xl SO 00 

When the F field In the data descriptor Is equal to Of the 
length register CXO for sourcet XI for destination) Is not a 
required parameter • 

d) Oecimal Quotient* OCAkI replaced by OCAk) times OCAj). 

OIVN - (Format = jk2 Op Code = 73 Ref# = 0771 

^ ., ^ — ---+ — ««— , «-. «— «.^««- 

1 1 a be I 1 ope r a 1 1 on J ar gument 

1 fOIVM,AJ,XO lAk,Xl SO DO 

When the F field In the data descriptor Is equal to Of the 
length register (XO for source* XI for destination) Is not a 
required parameter. 

7.4.4.3 S£LMxS£LErSbift 

The following Instructions shall move data Initially contained 
In the source field to the destination field* and shall provide 
shifting of the data under control of a shift count. The shift 
count shall be derived in the following manner* The rightmost 8 
bits from the Instruction's field shall be added to the 
rightmost B bits initially contained in bit positions 56 through 
63 of Register XI ^Ight and the 8-blt sum shall represent the 
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computed shift count. Any overflow from the 8-bit sum Is 
ignored* In this contextt the contents of f^eglster XO shall foe 

Interpreted entirely of zeroes* A zero shift count shall cause 
the Instruction to act as a move only instruction* 

The 8-bit shift count shall be Interpreted as a slgnedt binary 
integer. Uh^n this S-bit shift count Is posltlvet the direction 
of the shift shall be left with the number of decimal digit 
positions to be shifted determined by the value of the right-most 
seven bits (bit positions 57-63) of the shift count* When this 
8-blt shift count is nefatlvet the direction of the shift shall 
be right with the number of decimal digit positions to be shifted 
determined by the value of the 2*s complement of the rightmost 7 
bits (bit positions 57-635 of the shift count* with minus 128 
(1000 00005 being Interpreted as zero. Thus* positive shift 
counts shall provide the means for multiplying the source data 
field by powers of tent and negative shift counts shall provide 
the means for dividing the source data fields by powers of ten* 
as the source data Is moved to the destination field* 

When non-zero digits are shifted left end-off, or truncated on 
the left, an Arithmetic toss of Significance condition shall be 
detected. If the corresponding user condition mask bit Is set 
and the trap Is enabled, instruction execution shall be inhibited 
and program Interruption shall occur. 

Shifting shall be accomplished end-off with zero fill on the 
appropriate endCsl as required to accommodate the length and type 
of the receiving field* (For example, when the destination field 
Is longer than the source field, and the difference in field 
lengths Is greater than the left shift count, such a scale 
instruction shall provide zero fill, to the extent regulred, on 
both the right and left ends of the destination field result). 

Typess Source field data shall be restricted to Types through 
6, 9, 12 and 13, all of which shall be freely compatible with 
allowable destination field data Types of through 6, 12 and 13* 

Lengths? The maximum allowable lengths for the source and 
destination fields shall be determined according to their 
respective decimal data types. 
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a) Oeclmal Scale* OCAkI replaced by 9(Aj)f 
plus 0. 



scaled per C X iJ U I gh t 



SCLN - (Format = jk!02 Qp Code = E4 Refi « 078) 

f label loparatlon largument 

f |SCLN,Aj,X0 rAk,Xl,Ki,0 SO 00 

When the F field In the data descriptor is equal to Of the 
length register (KO for sotircet XI for destination) is not a 

required parameter. 

b) Oeclmal Scale Round&df OCAk) replaced by roynded OCAj)f 
scaled per CXI) Right plus 0. 

SCLR - (Format = Jki02 Op Code = E5 Ref# = 079) 

flabel loperation f argument 

+.--*---. — -<.««= — «--««. — ^— -, — ««. — -.««-.«-. — ^-^-.-« 

I |SCLR,Aj,K0 |Ak,Xi,Xi,0 SO 00 



When the F field In the data descriptor Is equal to Of the 
length register CXO for sourcet XI for destination) Is not a 
required parameter. 

These Instructions shall move and scale the deciptial data field 
Initially contained In the source field to the destination field. 
They shall transfer the sign of the source field to the 
destination field without change (unless the results consist 
entirely of zeroes and there Is no loss of si gnif icance* in which 
case the sign of the destination field shall be made positivet or 
unless the result would otherwise contain a non-preferred sign* 
In which case the sign of the destination field shall contain the 
preferred sign). 

When specified by means of the operation codef rounding shall 
be performed for negatively signed scale factors by adding five 
to the last digit shifted end-off and propagating carries* If 
anyt through the decimal result transferred to the destination 
field. Thus the absolute value shall be rounded upwards* 
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7. 4 •4, 4 HQIirBS^S 

a) Hymertc Movet OCAkI replaced by OCAJ), after formatting. 

'H « CFormat = JkZ Op ■ Code = 75 Refi = 092) 

^.««-., -.4.. — , ««•-«. 4.^-. «««, — . ^ — «««. ««, — 

1 1 abe I I oper a 1 1 00 f ar gument 

4. — «^ --4.—-.. , -.-4..-- .1 — . ,— •.: « 

f lMOyi^,Aj,K0 |Ak,Xl SO 00 



yhen the F field In the data descriptor Is eqyal to 0, the 
length register CXO for sourcet XI for destination) Is not a 

required parameter. . 

This Instruction formats the number obtained frow the source 
field and transfers the result to the destination field. 

The source field validated according to the T field from its 
associated descriptor ; the source field Is reformatted according 
to the T field from the data descriptor associated with the 
destination field and the result Is transferred to the 
destination field* 

7.4.4.5 QBEUzQamu^ci^Qn 

a) Decimal Compare tOC A j) to OCAk), result to XI Right. 

CHPN - (Format = jk2 Op Code = 74 Ref# = 083) 

4.««««--. -I- -— -.«-4.-. , »-««« — ««-—-« 

(label (operation (argument 

4. — . — ««,— ^4.-, — — ,•. ^— .—«--. «- «, — «-.-.- 

I lCHPN,Aj,XO !Ak,Xl SO 09 

When the F field of the source descriptor Is equal to Ot XO Is 
not a required parameter. 

This Instruction algebraically compares the decimal contents 
of the source field to the decimal contents of the destination 
field and transfers a 32-blt halfword to Register XI Right 
according to the results of the comparison. 

When the results of the source and destination fields are 
equalf the entire SZ-blt positions of Register XI Right are 
cleared. 
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When the contents of the source field ar^ greater tfian the 
contents of the destination fieldt Register xi Right Is cleared 
In bit positions 32 ami 34 through 63, and set In bit position 

33* 

When the contents of the source field are less than the 

contents of the destination field. Register XI Right Is cleared 

In bit positions 34 through 63 and set in bit positions 32 and 
33, 



• « • • • 



7.4.5 BYTE 



The instructions In this subgroup provide the means for 
comparing, scanning, translating, niovlng and editing byte fields 
In central memory to the extent defined by the following 
descriptions. 

7.4.5.1 Qnm^LmLzQimmt:i^QQ 

a) Byte Compare, 0<A|) to 0(Ak>, result to Kl Right, Index to XO 
Right. 

CHF8 - (Format = jk2 Op Code = 77 Ref# = 084) 

4.«-«.«. ^, --^-4. , — «. «-««.. — -^. 

1 1 abe I f opera 1 1 on t argument 

+-, --+«-— -^- — •^•— .— «, ^^.. , — «. — « 

f |CHPB,Aj,XO iJMcXl SO 00 



bl Byte Compare Collated, OCAj) to OCAk), both translated per 
(All plus 0, result to XI Right, Index to XO Right. 

CHPC - (Format = jki02 Op Code = E9 Ref# = 085) 

+«-«-, •-.+«•— .^•..^ — +«» «-- .^ -. -««— « 

I label } operation f argument 

I rCHPC,Aj,XO lAk,Xl,Ai,0 SO 00 

These Instructions compare the bytes contained in the source 
field to the bytes contained In the destination field and 
transfer the results to the comparison to Register XI Right* 

The comparison proceeds from left to right. When the field 
lengths are unequal, trailing space characters are used for the 
field having the shorter length. The maximum length for each 
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operand Is 256 bytes. 

The comparison cofitlnues until the longer field has been 
exhaysted or until an ^Inequality* Is detected between 
corresponding bytes froi^ the source and destination fields 
according to the following definitions. For the coiii|>are 
Instruction, Ineguality between the bytes obtained directly from 
the source and destination fields results in the conipletlon of 
the comparison. For the Collated Compare Instruction Ineguallty 
of the bytes obtained directly from the source and destination 
fields results In the translation of both bytes by means of a 
translation table* and Inequality of the past.zti:aiislat.ioa bytes 
results In the completion of the comparison. When the translated 
bytes are equal t and the longer field has not been exhaustedt 
comparison between the corresponding bytes obtained directly from 
the source and destination fields Is resumed. 

Each byte shall be translated by using Its value as a positive 
offset to be added to the beginning C leftmost) address of the 
Translation Table, CAI) -»- 0, for the purpose of addressing the 
translated byte to be read from central memory. 

7.4.5.2 SCf^Ira^tS-ScaB 

a> Byte Scan While Non-Member, OCAkI for presence bit In <A|)*0, 
Index to XO Right, character to XI Right. 

SCNB - CForfuat = jklDl Op Code = F3 Refi = 086) 

jlabel loperatlon f argument 

I |5CNB,Aj,X0 |Ak,Xl,Al,0 00 

The Aj field of this Instruction is unused and optional. 
Operation? The operation shall proceed from left to right on the 
destination field addressed by OCAk). One character at a time 
shall be taken from this character string and used as a bit 
address Into the string addressed by a PVA whose Ring Number CRN) 
and Segment (SEG) are obtained from Al, and whose Byte Number 
CBN) Is formed by the 32-bit sum (Ignoring overflow) of the 
rightmost 32 bits of Ai plus the Instruction's 12-blt D field 
extended to the left with 20 zeroes. The scan shall terminate if 
the bit thus addressed In OM or If the destination field has been 
exhausted? otherwise the next character In 0(Ak) Is considered. 

Source Fields The operand addressed by AI-»-0 shall be Interpreted 
as a bit string consisting of 256 bits (32 bytes). The entire 
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tablet consisting of 256 bltst may be loaded Internally to the 
procassor» on a model dependent basist before any operation on 

the data is performed. 

Oestfnatlon Fields The type field in OCAk) shall foe Ignored. 
The operand addressed fey Bikk) shall be Interpreted as a byte 
strlngt and restricted to no more than 256 characters. 

The binary value of the sequence number in the string of the 
byte which caused the scan to terminate shall be placed right 
justified Into XO Right. 

The binary value of the character Itself which caused the scan 
to ternralnate shall be placed right justified Into XI Right. 

If the scan stops by exhaustion of the characters in the byte 
strlngt XO Right shall contain the length of the original byte 
string and XI ^Ight shall be set In bit position 32 and cleared 
In bit positions 33 through 63. 

7 . 4 . 5 . 3 ISAMarlcaaslatfL 

a) Byte Translate, OCAk) replaced by 0(Aj), translated per CAl) 
plus 0. 

TRkHB - C Format = jk!02 Op Code = EB Ref§ - 088) 

^4.^ ---..««-^-.--, ^««-.^«« — ^ — . — ««—-—« — -«-.»- 

1 1 abe I I opera t i on I ar gument 

.4. — . — 4.—, -, -.4.««-, — -«-. ««. — -«. -««. — 

I |TRAN8,Aj,X0|Ak,Xl,AI,0 SO DO 

^hen the F field In the data descriptor Is egual to Ot the 
length register <X0 for sourcet XI for destination^ Is not a 
required parameter. 

This instruction translates each byte contained In the source 
field according to the translation table In central fuemory and 
transfers the results of the byte-bybyte translation to the 
destination field. 

The translation table Is addressed In a manner Identical to 
that previously described for the Collated Compare Instruction. 
The type fields In the Data Descriptors associated with the 
source field and the destination field are ignored. Both 
operands are restricted to no more than 256 bytes. 

The translation operation shall occur from left to right with 
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each source byte used as a positive offset to be Bd4e4 to tbe 
beginning (leftmost byte) address of tbe translation table for 
the purpose of permitting each byte»s translation. Translated 
byte St thus obtained from the translation tablet shall be 

transferred to the destination field. The translation operation 
shall terminate after the destination field length has been 
eKhausted* When the source field length is greater than the 
destination field length., rightmost bytes from the source field 
shall be truncatedt to the extent requlredt with respect to the 
translation operation* When the source field length Is less than 
the destination field lengthf translated space characters shall 
be used to fill the rightmost byte positions of the destination 
field to the extent required. 

7.4.5.4 BQmzBQ}L& 

a) Hove Bytes t D(Ak) replaced by OCAjl. 

HOVS - CFormat = jk2 Op Code = 76 Ref# = 089) 



^.«»«— .•^•«+«-.«— .-.«-»^«^^ — ^--— — — — «««. — ««• 

I label loperatlon f argument 

4. --. +— ^ -. + — --, -. — . — .., — 

I |H0V8,AJ,X0 lAk,Xl SO 00 

When the F field In the data descriptor is equal to Of the 
length register CXO for source* XI for destination! Is not a 

required parameter. 

This Instruction provides the means for moving the bytes 
contained in the source field to the destination field. The type 
fields of the source and destination data descriptors are 
Ignored. Field lengths are restricted to a maximum of 256 bytes. 

7.4.5.5 EQIIrEdit 

a) Editf 0(Ak) replaced by OCAj) edited per HCCAU * 0). 

EOIT - (Format = jklD2 Op Code ^ EO Ref# ^ 091) 

^-—^ — ^„. — 4.-—. , — +- ^- ^-«^ — «« 

Mabel loperatlon largument 

.4. . -^«-.- -.««-^«-— . — «« — -«^.« «««^- 

t |EOIT,Aj,XO |Ak,Xl,Al,D SO 00 

The Aj field is unused and optional. Hhen the F field In the 
data descriptor Is equal to 0, the length register ( XO for 
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sourcet XI for destlnatiofil Is not a required parameter. 

This lustryctf on shall edit the digits or characters contained 
In the soyrce fiefd according to an edit mask In central memory 
and shal I transfer the result to the destination field. The edit 
mask shall be addressed by a PVA whose Ring Ntiiiiber CRWI) and 
Segment fSEG) are obtained from Alt and whose Byte Nymber {SHI is 
formed by the 32-b!t sum C Ignoring overflow) of the rightmost 32 
bit of Ai plus the I nstruction*s 12-bit field extended to the 
left With 20 zeroes* The edit mask shall consist of a one byte 
length Indication followed by a string of inlcro-operatlons* The 
length Indication shall Include the byte containing the length. 

7.4.6 IHHEOIATE OAT.A 

yithin this instruction groupf the Imfiiedlate Oata Byte Is an S 
bit field formed by the 2*s complement addition of bits 56-63 
(Xi) Right and the rightmost 8 bits of the Instruction's field. 
Overflow Is Ignored on this summation. In this context* the 
contents of Register XO shall be Interpreted as consisting 
entirely of zeroes* 

7.4.6,1 BQll-nQUSi^lmm&d^QBtm^Llll^RlQht^ulus^Q^ta^nLAkX 

HOVI - (Format = jkl 01 Op Code = F9 Ref# = 1541 

+-«-, —.-+..-..—.--. ^-« -„. — •- --«-- 

Mabel foperatlon f argument 

I fHOVI,Xi,0 |Ak,Kl,j 00 

When the F field In the data descriptor Is equal to Qt the 
length register CXI for destination) Is not a required parameter. 

This Instruction shall move the Immediate Oata Byte to the 
destination field after format conversion per the destination 
field type and the J field sub-operation code. The least 
significant 2 bits of the j field shall be used as an encoding of 
the operation to be performed^ 

a) If = OOf the unsigned (considered positive) numeric value 
(Type 10) contained in the Immediate Oata 8yte shall be moved 
right justified to the receiving field* which must be of type 
lOf lit 14 or 15. If necessary* the destination field Is 
filled with zeroes on the left* 

b) If = 01, the decimal numeric value (Type 4) contained In the 
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Immediate Oata 8yte sfiall.be moved right jystifiedi to the 
receiving fieVcl after possible reformatting to match the data 
type of the destination. If the format rec|ulres a signt a 
positive sign shall be supplied. The destination shall be 
restricted to one of the decimal data types through 6f 12 
or 13« This move shal I be executed according to the rules of 
the numeric move for truncati on t padding and validation* 

Each source digit shall be checked for decimal digit 
validity* An Invalid decimal digit shall cause an Invalid 
BOP Data condition to be detected. When the corresponding 
user mask bit Is sett and the trap Is enabledt instruction 
execution shall be Inhibited and program Interruption shall 
occur. 

c) If = lOf the ASCII character contained In the Immediate Data 
Byte Is repeated left to right In the receiving field. The 

destination data type shall be Ignored. 

d) If = 11 ♦ the ASCII character contained In the Immediate Oata 
Byte Is moved left justified Into the receiving field* the 
rest of that field Is space filled. The destination data 
type shall be Ignored* 

7.4.6.2 £M£Ir£Qisiiai:£^iiB!ifid-.0ataIlll«Si^bi:«.plus-_0-tQ_01Ali;l 
CMPI - (Format = JklOl Op Code = FA Reff = 155) 

1 1 abe I I oper a 1 1 on I ar gumen t 

^.— «««-««-4— «—«««-««.|. ««.«—««». — «-. — -«.» 

I fCHPI,XI,D iAk,Xl,j 00 

This operation shall* depending on the value of the j field* 
compare the explicit value contained In the Immediate Oata Byte 
to OCAk) after a possible reformatting to match the data type and 
shall transfer a BZ-'bIt half word to Register XI Right according 
to the result of the comparison. 

Mhen the contents of the source and destination fields are 
equal* the entire 32-blt positions of Register XI Right shall be 
cleared. 

The rightmost two bits of the j field shall be used as an 
encoding of the operation to be performed: 

a) If J=00, the unsigned (considered positive) numeric value 
(Type 10) contained in the Immediate Oata Byte shall be 
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compared to the contents of field OCA.k)» w^hlch must be of 
type 10 f lit 14 or 15. If field 0<Ak) Is longer than one 
bytet then the Iromedlate Data Byte will be zero filled to the 
left as necessary. 

b) If j=01t the decimal numeric value C Type 4> contained In the 

Immediate Data Byte shall foe compared to the contents of 
field OCAkl after possible reforfnattlng to match the data 
type of field OCAk). If the format requires a si gnt a 
positive sl^n shall be supplied. The 0(Ak) field shall be 
restricted to one of the decimal data types through 6f 12 
or 13. If field OCAk) Is longer than one bytet then the 
lm?!iedlate Data Byte shall be zero filled to the left as 
necessary. 

Each source digit shall be checked for decimal digit 
validity. An invalid declnal digit shall cause an Invalid 
BOP Data condition to be detected, ilhen the corresponding 
user mask bit Is set* and the trap Is enabledt Instruction 
execution shall be Inhibited and program Interruption shall 
occur. 

c) If j^lOf the ASCII character contained In the iRinediate Data 
Byte shall be compared left to right with each successive 
byte contained In the OCAkI field. The data type of field 
0{Akl shall be ignored. 

d) If pllf the ASCII character contained In the Immediate Oata 
Byte shall be compared to the leftmost byte In field DCAkl. 
If the comparison Is equal and If field OfAkl Is longer than 
one bytet then a space character shall be compared left to 
right with each successive remaining byte contained In the 
OCAkI field. The data type of field 0{Ak) shall be ignored. 

Uhen the contents of the source field are greater than the 
contents of the destination f lei dt Register XI 1^1 ght shall be 
cleared In bit positions 32 and 34 through 63 and shall be set In 
bit position 33. 

yhen the contents of the source field are less than the 
contents of the destination fleldt Register XI Right shall be 
cleared In bit positions 34 through 63 and shall be set In bit 
positions 32 and 33. 

The Interpretation of the source and destination fields are 
analogous to those described under the Hove Immediate Data 
Instruction. 
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7.4.6.3 ii0ir4iiil-.Iism£il«-Qata-.iXll^iglit-|2ly s^Q-tQ-Hilkl 

AOOl - (Format = JklOl Op Code = F8 Refi =^ 156) 

Mabel I operation fargyment 

I !AOOI,Xf,0 |Ak,Xl»J 00 

When the F field in the data descriptor Is equal to Of the 
length register (XO for source, XI for destination) is not a 

required parameter * 

This operation shall add the explicit Integer value contained 
In the Ifimedlate Data Byte to 0(Ak) after a possible conversion 

to match the destination data type. 

Source? The Immediate Data Byte Is used to store the Integer 
value of the a44en<im The J field Is used as an encoding of the 
type of the data contained in the^ Immediate Data Byte. The least 
significant bit of the j field is decoded as follows^ 

a> If = Of the Immediate Data Byte, contains an unsigned 
(considered positive) binary Integer value. Immediate Data 
Byte = Data Type 10. 

b) If - 1, the Immediate Data Byte, contains one ASCII character 
representing a decimal digit! If Invalid decimal data is 
encountered in the Immediate Oata Byte, an Invalid BOP Data 
condition shall be detected. When the corresponding user 
condition mask bit Is set and the trap Is enabled. 
Instruction execution shall be inhibited and program 
Interruption shall occur. Immediate Oata Byte - Data Type 4. 

If the source corresponds to case a) above, the destination 
shall be confined to types 10, 11, 14 and 15. 

If the source corresponds to case bl above, the destination 
shall be confined to types through 6, 12 and 13. 

. ..... . 

7.5 £LQiIIM-.EQIIiI^IMSISy£IIQ!iS 
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7.5.1 GEMERAL DESCRIPTION 



A floating point niiiiibar consists of a signed eKponent and a 

signed fraction. The signed exponent can also be referred to as 

the characteristic and the signed fraction can also foe referred 
to as the coefficient* 

The quantity expressed by a fioatin-g point nu-fnber Is of the 
form Cf>2x \fihBrB f represents the signed fraction and x 
represents the signed exponent of the base 2. 

The exponent base of 2 Is an Implied constant for all floating 
point numbers and thus does not explicitly appear In any floating 

point format. 

7.5.2 FORMATS 



Floating 
64-blt word 
Precision) . 



point data occupies one of two fixed length formatst 
(Single Precision^ or 128-bit doubleword {Oouble 



In both the single and double precision forniatSt the leftmost 
bit posltlont 00 f is occupied by the sign of the fraction. The 
fifteen bit positions immediately to the right of bit 00 t 01 
through 15» occupied by the signed exponent. 



The field Immediately to the right of the signed exponent Is 
occupied by the fraction which in single precision format 
consists of 48 bits and in double precision 
bits» according to the following figures. 



format consists of 96 



fOOlOl 15116 

Is I signed Exponent I 



48-bit fraction 



631 

I 



Single Precision Floating Point Number 
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lOOfOl 15116 63r 

4.«-+«*^ , . -, «..4— . --.—«., ,««^ . : . ^. «4. 

IS I Signed Exponent ILeftmost 48-bits of the fraction } 

••I-—— §—«-•--—-■--——< — -I——. «^— -— « — . — —«-•««-.«« -+ 

164165 71172 127 

^-^-f..^ -, «. . ^^ «, «, . -«. — , — ««, — «, •^^ 

IS I Signed Exponent iRigtitmost 48-fo!ts of fraction I 
^.. — ^ — •««-.— -««-4.«—.—«, — . — . »--.^«« «.««^««««««4. 

Double Precision Floating Point Nymber 

A double precision floating point number consists of two 
single precision floating point numbers located In consecutively 
numbered X Registers. The two single precision floating point 
nufwbers cof^prlsing a double precision floating point number are 
referred to as the leftmost and rightmost parts as contained In 
the %n and Kn+lt respectively* The leftmost part may be any 
single precision floating point number and when it Is normallzedt 
(the leftmost bit of the fractlont In bit position 16f Is equal 
to a one I the double precision floating point msmber Is 
considered to be normalized. The sign of the fraction and the 
characteristic of the leftmost part constitutes the sign of the 
fraction and the characteristic of the double precision nurnber. 

The fraction field of the leftmost part constitutes the 
leftmost 48 bits of the 96-blt double precision fraction. The 
fraction field of the rightmost part constitutes the rightmost 48 
bits of the 96-blt double precision fraction. The sign of the 
fraction and the characteristic of the rightmost part cannot be 
utilized from any number constituting an Input operand CargumentI 
to a double precision floating point operation. Such operations 
assume that the sign of the fraction of the rightmost part Is the 
same as the sign of the fraction of the leftmost part and that 
the characteristic of the rightmost part Is 48 less than the 
characteristic of the leftmost part. Howevert the formation of a 
double precision floating point result Includes making the sign 
of the fraction of the rightmost part the same as that of the 
leftmost part and» except for certain cases Involving 
non-standard forms of floating point results* also Includes 
making the characteristic of the rightmost part 48 less than the 
characteristic of the leftmost part. 

The following table Illustrates hexadecimal exponent codes for 
corresponding non-standard as well as standard floating point 
numbers 5 
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1*5*2 ¥mnkis 



ms 



I He xadec I ma I E xpone nt i nc lud i n g coe f f i c i en t sign 



I 



I Actual Exponent (to the base of 2) 



Input Arfuroents 

I Re suits 



-I- 
I 

•4 
I 

r 
f 
I 

I 
I 
I 
I 
I 
I 
I 

I 

■4 

I 
I 
I 
I 
■I' 

I 
I 
I 

•4- 



I i 

t t 

! I 

f Coefficient 

I Sign Equal 

} to 

j (Positive 

I numbers) 

f I 

I I 

f f 

t I 

I i 

i I 

I I 

I f 

f I 

! ! 

I I 

I V 



f- 



I7XXK 

r6FEF 
I - 

f i 

1 5000 

I4FFF 
I - 

I i 

Hooo 

I3FFF 

I i 

I V 

13000 

■¥ -- 

\2^¥¥ 

! I 

I V 

fiooo 

+ 

foxxx 



I n def i n f te 1 7000 • — *> 



1 2=^*1 2287 

I 

t } 

12^=^4096 



Infinite 



12*^4095 
I 



I 



I Over flow Hask 

15000.00^ >00 

I Over flow Mask 

f As Shown 

.4-, — — «. — « ^ — 

I 
I 



^ Q I 



= 1 t 



12=^*0 
|2**C-l) 
t I 

r v 

|2**C-4096) 



Standard I As Shown 
! 



f 



j2#*C-4097) 

i I 
! V 

|2**(-122a8) 



Zero 



1 Under flow Hask = : 
lOOO.OO— ->00 
I Underflow Hask = I : 
I As Shown 



I 



I 



! ! 
fCoef f Icient 
iSign Equal 
I to 1 
\ (Negative 
I Numbers) 
I 



fsxxx 

19000 
I - 
1 I 

lAFFF 

^ 

18000 
I - 
I I 
IBFFF 
ICOOO 
I I 
I V 

ICFFF 

loooo 

I 



Zero 



I 

I Not Applicable 
I 



12**( -12288 

f 

f { 

|2«=*C-4097) 



Zero 



f Underflow Hask = J 
10000,00^ — ^->00 
I Under flow Hask - 1 J 
fAs Shown 



|2**C-4096) 
I 

f f 
|2**C-i) 

i t 
I V 

12**4095 



Standard 



I 

I 

I 

I As Shown 

f 

1 

I 

I 



12**4096 
I 



f Over flow Hask = : 
I 
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I f III I I Infinite JOOOO.OO— >00 I 

f f ! V t V I iQverffow Hask * 1 s t 

i r I EFFF 1 2^:^12287 | I As Shown I 

I j 4- «.4-^-— . •».^.^-«, — «.-4.-— -««.^«««w-.««. — «»—«-- .«.4. 

I V IFKXXI |IndeflfiiteJ7000.00— >00 I 

Floating Point Representation 

7.5.3 EXPONENT ARITHHETIC 



Hhen the exponent fields from Input argutnents are addedt as 
for floating point multfpl fcatlont or subtractedt as for floating 
point dlvlslont the exponent arithmetic Is performed 
algebraically in 2«s complement mode. Moreover t such operations 
take placet conceptual lyt as If the bias were removed from each 
exponent field prior to performing the addition or subtraction 
and then restored following exponent arithmetic so as to 
correctly bias the exponent result. 

Exponent Underflow and Overflow conditions are detected for 
all single precl si on » but only for the leftmost part of double 
precision floating point results. When the generation of the 
exponent of the rightmost part* by reducing the exponent of the 
leftmost part by 48f results In underflow for the rightmost part* 
this underflow Is not to be detected and utilization of an Out of 
Range exponent permits the rightmost part of the double precision 
floating point number to correctly express Its value. 

7.5.4 NORMALIZATION 



A normalized floating point number has a one In the leftmost 
bit positlont 16* of the fraction field. If the leftmost bit of 
the fraction Is a zero, the number Is considered unnormalized. 
Normalization takes place when Intermediate results are changed 
to final results. Numbers with zero fractions cannot be 
normalized and such fractions remain equal to zero. 

For Intermediate results in which coefficient overflow has not 
occurred and the initial operands were normal Izedt the 
normalization process consists of left shifting the fraction 
until the leftmost bit position contains a one and 
correspondingly reducing the characteristics by the number of 
positions shifted. For intermediate results In which coefficient 
overflow has occurred* the normalization process consists of 
right shifting the fraction one bit position and correspondingly 
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Increasing the characteristic by one. For double precision 
floating point nymberst the entire fraction participates In the 
normal I zat I on such that the rightmost part may or nay not appear 
as a norma IT zed single precision: number as determined by the 
value of the fraction. 

For quotient and product Instructions {reference numbers 103$ 
T0%» 107f lOS) If the operands are unnormal ized» the results may 
be unnorma 1 1 zedm 

When exponent arithmetic operations on standard floating 
nujibers generate an Intermediate exponent which Is Out of Ranget 
but normalization requirements generate an adjusted exponent 
which Is no longer Out of Range » then neither Exponent Overflow 
nor Exponent Underflow is recorded for the final results. 

7.5.5 DOUBLE PRECISION REGISTER OESI€NATORS 

The terms *'Xk*l* and "Xj+iw Is used to designate an K Register 
associated with the rightmost part of a double precision floating 
point number. When the leftmost part of a double precision 
floating point number t as designated by the terms ••Xk" and^Xj* Is 
associated with Register XF Cin hexadecimal notatlonl the terms 
*»Xk*l»' and "Xj^l* are interpreted as designating Register XO. 

7.5.6 CONVERSIOM 

The Instructions within this subgroup provide the means for 
converting 64-blt words t contained in the K Registers* between 
floating point and integer formats. 

7.5.6.1 CIIIErCQjQ^act-ELQiB^Ifitfillfiii^lQ-Eloa tiQg^EQlQ t 

a) Floating Point Convert from Integer » Floating Point CXk) 
formed from Integer CXj). 

CHIF " (Format * jk Op Code = 3A Reft = 097) 



I label loperatlon largument 

+ -^- , -I- -—*-«- +-«^ ^— ., 

! ICNIF lXk,Xj 



7-58 

coc - AoymcEo systehs oevelopmewt 

86/10/1? 

CYBER 180 II Assefnbler ERS Rev: F 

7.0 CYBER 180 CPU SYHBOtlC MACHINE INSTRUCTIONS 
7*5. 6»2 CMFI-Cofivert Floating Point to Integer 

7.5.6.2 £li£I- £i2iiMei:t-£lQatias-.£Qi£i£-l:Q-l£itegaiL 

a) Floating Pofnt Convert to Integer § Integer tXk) formed from 

F 1 oat 1 ng Po i nt ( X J y . 

CNF I - (For mat = Jk Op Code = 38 Refi = 



+w^, — . -+, «- 4- — ^™. . 

f label f operation targument 

.4—-.-. — «. — -^— ^« — . — , — 4.-^1-.^— «, 

f ICMFI |Xk,Xj 



7.5.7 ARITHMETIC 



The Instructions within this subgroup provide the means for 
performing arithmetic operations on floating point numbers to the 
extent described In the following subparagraphs* 

7.5.7. 1 AmExSmtzMMSiittLact^^m 



a} Floating Point Sunst CXk) replaced by CXkl plus (Xj). 
ADDF - (Format = jk Op Code = 30 Ref# = 099) 



I label foperatlon targument 

.^-. +— -, . -4.—I— — ««.. --« — . «- 

} lAOOF fXk.Xj 

bl Floating Point Difference* (Xk) replaced by (Xk) minus (Xj>* 

SUBF - (Format = jk Op Code = 31 Ref# = 100) 

^.-.^ «-«--^-«--— «-— +, — «-— » «.« — . — . ™ 

I label foperatlon f argument 

I ISU8F |Xk,XJ 
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a) Ffoating Point Productt {Xk) repTaced by CXkl times {%}%. 

HULF - CForwat = jk Op Code » 32 Ref# = 1031 

I f abe I I ope ra t i on I argument 

I I MULE iXk.Xj 

7.5.7.3 iiM£riui2i:is2l:-.tiS-lE 

a) Floating Point 0yot!entf <Xk) replaced by CXk) divided by 
CXp. 

OIVF - (Format ^ ' jk Op Code == 33 Refi = 1041 

4 —.•-—4. — — «.. — —4.- — •^-— — ^ — « -. — 

llabel toperatlon fargument 

i I DIVE fXktXj 

7.5.7.4 IDQO aSU EHrlddZSulit cact A^lk-aad^lk±i 

a) Floating Point DP Sum CXk, Xk+1) replaced by (Xk, Xk+1) plus 
(Xj, Xj+1>. 

AODO - (Format = jk Op Code = 34 Refi = 105) 

+«^-«---.«+« — « — — , — +—-«» -. — *•— , — -. — «.-- 

llabel toperatlon larguiiient 

+-.«--—- — 4— -«.-.-.+,..» «-...-...-.. «« — — » 

t lADOO |Xk,Xj 
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b) Floatlrjg Point OP Difference CXk, Xk^-i) replaced by CXkt 
Xk+1) minus CXj, Xj*l|. 

SUSO - (Format =. Jk Op Code = 35 8ef# = 106) 

+— ™-.-.-«^, — = — «— «.— ^.-. « — ^-. «««-«.-— «-.^« 

1 1 abe I I opera t ! on f argument 

I fSUBO iXkfXJ 

a) Floatinq Point OP Product CXk, Xk+1) replaced by fXk, Xk+1) 
times CXj, Xj+1). 

HULO ' (Format « jk Op Code = 36 Refi = 107) 

I I a be 1 I ope ra t i on j ar gumen t 
I I HULO IXk.Xj 

7.5,7.6 QlIQr iiiQtiaa l:-ti3-.lk«aad-Ik±l 

a) Floating Point OP Quotlentt CXk, Xk>l) replaced by CXk, Xk+1 J 
divided by CXJ, Xj-t-1). 

OIVD - (Format ^ Jk Op Code = 37 Ref# == 108) 

^ — , . — ^^ «+ ^ -.--.. — «. , — , — 

I labe I I operat Ion \ argument 

^ . -4- — .4.-, — -: — ™ , -, — « 

I lOIVO fXk,Xj 



7.5.8 8RANCH 



The Instructions In this subgroup consist of conditional 
branch Instructions. 

Each of these conditional branch instructions perform a 
comparison between two floating point numbers. Then, based on 
the relationship between the results of that comparison and the 
branch condition as specified by means of the Instruction's 
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operation codet each conditional branch fnstryction performs 
eltlier ■ a normal exit or a branch exit* 

Horrnal Exits Hhen the results of a comparison do not satisfy 
the branch condition as specified by the operation co-tie-^ m normal 
exit Is performed. A norma! exit for all conditional branch 
Instructions consist of adding four to the rightmost 32 bits of 
the PVA obtained from the P Register with that 32-blt sun 
returned to the P l^eglster in Its rightmost 32-bit positions* 

Branch Exit: When the results of a comparison satisfy the 
br anch cond 1 1 1 on a s spec i f i ed by the oper at I on code » a br anch 
exit Is performed* A branch exit consists of expanding the 
l6-blt Q field from the Instruction to 31 bits by mmans of sign 
extension! shifting these 31 bits left one bit position with a 
zero Inserted on the right and adding this 32-blt shifted result 
to the rightmost 32-bits of the PVA obtained from the P Register 
with the 32-blt sum returned to the P Register In Its rightmost 
32- bit pos I t 1 ons . 

The Assembler sets the Instruction's Q field according to the 
value of the • label* subfield of the Instruction mnemonlcsf which 
must correspond to a label of an Assembler statement v^lthln the 
currently active section* Relative addresses cannot span section 
boundaries* 

a) Branch to (P> displaced by 2*0 If Floating Point CXJ) egual 
to (Xk). 

BRFEQ - <Format = jkQ Op Code = 98 Reff = 109> 

Ilabel I ope rat I on I argument 

+- — -«« «+« — -«-.-« — 4. — -™ «, — «-^ — -^— - 

I IBRFEQ rXj,Xk, label 

label - byte address of the new location* 
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7.5.8.1 BRFEQtBRf HE fBRfGJfBRFGE- Compare and Branch 

b) Branch to CP) displaced by 2-^Q if Floating Point CIJI not 
equal to CXk) • 

BRENE - (Format = jkQ Op Code = 99 Ref# = 110> 



I label loperatlon fargymant 
f IBRF^E |Xj,Xk, label 
label - byte address of the new location. 

c ) Br an c h to f P ) d I sp I ace d by 2* Q if Floating Point < K j ) gr e a t er 
than <Xk)* 

8RFGT - (Format = jkQ Op Code = 9A Ref# = 111> 

+^«, — -.«. 4.««-, «, 4. -.^. ^«» «- — « — « 

I label loperatlon I argument 

I IBRFCT fXjfXk, label 

label - byte address of the new location. 

d) Branch to (PI displaced by 2^Q if Floating Point CXJ) greater 
than or equal to (XkK. 

BRFGE - (Format = jkQ Op Code - 98 Refi = 112) 

.f.--, — «-« — + «-. — —.4.-^-^-^- — .««•« « . 

[label loperatlon | argument 

.4.-^— ^ — . 4—«« , •4— «-.—«- — «-. ^ »-- 

I fSRFGE |Xj»Xk,label 

label - byte address of the new location. 
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7,3»B»2 BROVR, BRUNO, BRINF-Except ion Branch 

a> Branch to (PI displaced by 2*Q If Floating Point Exception 
per I contained in Xk* 

The values of the rightmost 2 bits of the j field from the 
Instruction are associated with exception conditions as 
fol lows? 

If 00 ♦ £ xpon en t Over f I ow 
I f 1 f E xp on en t Un der f 1 ow 
if 10 or llf Indefinite 

SROVR - CForrnat = jkQ Op Code = 96 Ref# =1131 
BRUMO - (Format = jka Op Code ^ 9E Ref# =^ 113) 

BRINF • CFornjat ^ Jka Op Code = 9E Reff = 113> 

^-««^«^ — •«+, « , — -.4.*™.»«« — «. — -^-^-^ — «. — «- 

I label I operation larguinent 

4.«««-.— ^««^.-.. — --, — -«-+«—«——««« «^ •— — «^« 

I I BROVR I 

I I BRUNO I Xk, label 

I IBRINF I 

label - byte address of the new location. 

The Assembler computes the value of j from the specific 
instruction mnemonic used. 

7.5.8.3 cmEzQQmaaL& 

a) Compare Floating Point CXj) to (Kk>» result to XI Right. 

CMPF - (Format = Jk Op Code = 3C Reff = 114) 

+— « — -|.«--. — — «. — ^.«««««^ — « — «-•« — -.«-^«--. 

llabel foperatlon largument 

.^ .—«-+-««-. — • — -4.-—— -«««««— «««««««.«..-« 

f ICHPF lXl»Xj,Xk 
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7.6 SISI£l^«IiSISy£IIQiS 
7.6.1 NQN-PRIVILEQEO I^OOE 

This class of instryctions Is permitted to execiite in any 
processor made. 

7.6.1.1 EiECUIEx-MiLIx^SlMC 

a> Execute Alforithfii - Processor Hodel Dependent Instryctlon* 
EXECUTE - CEormat = SjkID Op Code = C0-C7 Refi = 139> ' 

Mabel I operation I argument 

I f EXECUTE, S l|,k,l,9 

b) Program Error* 
HALT - (Format = jk Op Code = 00 Reft = 12U 

i label loperation largyment 

^ , — — -- 1- ' ^ +-■ . — ' ^ ■ .-— — 

I I HALT Ijk 

c> Synchronization - Scope Loop Sync. 

SYNC - (Format = jk Op Code = 01 Refi = 194) 

.4. — ^«—«««4.—-.«^«^« ««+——, «•«.«—«« «« 

f label loperation largument 

^ . — ^ — 4. , — -, — 4. w-«, , — 

I I SYNC I jk 

7.6.1.2 £4LLS££jL£ALLS£Lz£all 

Tbese instructions save the *'environment**f as designated by the 
contents of Register XO Rightt In the stack frane save area 
pointed to by the Dynamic Space Pointer initially contained in 
Register A0» The stack associated with the current ring of 
execution* as determined by the RH field initially contained in 
the P Register, ^'pushed* by transferring the Dynamic Space 
Pointer, modified in Its rightmost 32-bit positions by the 
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addition of 8 times the number of words stored Into the stack 
frawe save area 9 to the appropriate Top of Stack entry In the 

execytffig process's Exchange Package* 

The A0» Al, and hi Registers altered to reflect changes with 
respect to the Current and Previous Stack Frames mnd the -A3f and 
A4 Registers shall be altered to reflect pertinent parameter 
changes as reguired» In accomplishing this transfer of control 
from a ^calling* procedure to a "called*' procedure. 

Register asslgnfuents are as follows 5 

CAO)— Dynamic Space Pointer 

tAD- Current Stack ^r&me Pointer 

(A2)- Previous Save Area Pointer 

CA3)- Binding Section Pointer 

CA4>- Argument Pointer 

CXO) RIGHT - the Save Environment Is defined as follows? 

Bits 52-55: %.s - Starting X-Reg to save 

alts 56-59: At - Final A-Reg to save 

Bits 60-64: Xt = Final X-Reg to save 

a J Call per C A j) displaced by 8*Qf Arguments per (AkK 

The PVA obtained from Register Aj Is modified In Its 
rightmost 32-blt positions by the addition of the 
zero-extended Q field from the Instructlont (shifted left 
3-blt positions with zeroes Inserted on the r|ght)f and the 
resulting PVA Is used to address a Code Base Pointer from a 
Binding Section Segment. This Code Base Pointer Is 
translated Into a PVA used to address the first Instruction 
to be executed In the ^called" procedure. The ring of 
execution of the called procedure^ PCRN) finaU shall be used 
to obtain a Top of Stack pointer from the process* Exchange 
Package to foe used as th^ new Current Stack Frame Pointer* 

CALLSEG - (Format = jkQ Op Code = 85 Ref# ^ 115) 

+-.. -.-.4. -.- «4.— . — — -«. . — «- 

llabel foperatlon | argument 

.>-.««•«•—-+«—, — -• — -.+-•.. .^ — «««—«—«««--—- 

I ICALLSEG llabel, A j,Ak 

label - byte address of entry point In the new 
procedure, must be on a word boundary. 



7-66 

COC - AOVAHCEO SYSTEHS DEVEtOPHENT 

86/10/17 
CYBER 180 II Assembler ERS RevS F 

7.0 CYBER 180 CPU SYH80LIC HACHINE IHSTRUCTIOHS 
7.6.1.2 CAtLSEG,CALtREL-Ca!1 

b> Call to IP) displaced by 8^Qf Binding Section Pointer per 
C A j ) ♦ Ar guroen ts per < Ak > . 

T^fie P Register shall be modified In Its rightmost 32-i>!t 
positions by the sign extended Q field from the Instructlont 
Cleft shifted 3-blt positions with zeroes Inserted on the 
right) and the final contents of the P Register shall be made 
zeroes In the least significant three bit positions <61-63> 
and shall be used to address the first instruction to be 
executed In the ''called* procedure. 

CALLREL - (Format = jkQ Op Code = BO Refi = 116> 

I label f operation I argument 

^— , ^ +. -, . — +-.— ^ . ^. ^, -^. — ^- 

I iCALLREt f label, Aj,Ak 

label - byte address of the location to continue 

executlont must be on a word 
boundary. 

The Assembler computes the value of Q from the "label* field 
of the Instruction mnetnonlcsf which must correspond to a 
label of an Assembler statement within the currently active 
section. Relative addresses cannot span section boundaries. 
The address represented by the label must be on a word 
boundary. This can be Insured by using the ALIGN pseudo 
Instruction. 
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7.6.1.3 gEiySI 



This Instruction re-establishes the Stack frame and- 
'*environfi!ent»» of a previous procedure as defined by the Previous 

Save fikfea Pointer. 

The I and k fields frosm this Instruction are not translated by 
the hardware. Th values have no effect on the execution of this 
Instruction for which all execution parameters are Implicit. 

The Stack Frame Save krea from which a previous procedure's 
•^environment* is obtalnedt Is addressed by means of the P¥A 
Initially cont a I ne d I n Reg I s t er A2 • 

The RETURN instruction may also require global privilege. 
Consult the HIGOS for further I nforroati on* 

RETURN - I Format = jk Op Code = 04 tef# ^ 117) 

llabel loperatlon I argument 

I I RETURN fjk 



7.6.1.4 EQE 

This Instruction re-establishes the Stack Frame of a previous 
procedure as defined by the Previous Stack Frame's Save Area. 

The j and k fields from this Instruction are not translated by 
the hardware. Th values have no effect on the execution of this 
Instruction for which all execution parameters are Implicit. 

The Stack Frame Save Area from which a previous procedure's 
Stack Frame pointers Is obtalnedt is addressed by means of the 
PVA Initially contained in Register A2. 

POP - (Format = jk Op Code = 06 Ref# = 118) 
llabel loperatlon f argument 

4.-~« •-«4— , ^— . — ««+, — «--«-« -: «-^«--« 

I I POP I jk 
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7.6.1.5 EXCHANGE 



7.6.1.5 EimMMkE 



Mhen executed In Hon! tor mode» this Instruction shall change 

the processor fro-m monitor process state to job process state. 

When executed In Job mode this Instruction changes the 
processor from job process state to monitor process state. In 
addition, the System Call bit In position 10 of the Hon! tor 
Condition Register f job process state? Is set. 

The PVA contained In Word CP Register) of the Exchange 
Package associated with the state from which the exchange Is 
taking placet Is updated such that It points to the Instruction 
which would have been executed had the exchange not taken p^mce^- 
l.e.f the PVA of the '♦Exchange* Instruction with 2 added to Its 
BN field. 

The j and k fields from this Instruction are not translated 
and their values have no effect on the execution of this 
Instruction. 

EXCHAMGE - (Format = jk Op Code = 02 Ref# = 120) 

.|..»-,-. --..4.-. -.^^ «+^ — ™ — ««-.«^-.««, «-«- 

1 1 a be I f ope ration f ar g ume n t 

-1— ^-- •+.., —.— ^—l-«. «-«--««« ..«-«« — 

I I EXCHANGE f jk 



7.6.1.6 HEieOIMI 



The Keypoint Instruction allows performance monitoring of 
programs via the optional Performance Honltoring Facility or via 
Trap Interrupts. The Keypoint Instruction shal I test bit j of 
the Keypoint Hask Register. The j field, termed the Keypoint 
Class Number (KCN) , shall be used as a bit Index Into the 
Keypoint Hask Register. Thus, a KCN or j field of value 4 tests 
the fifth bit from the left In the Keypoint Hask Register IKHR) » 
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7.6.1.6 KEYPOINT 

a) Keypoint, class jt code eqyaf to CXK) Right plus 9. 

KEYPOINT - (Format = jkQ Op Code = 81 Ref# = 13,6) 



+ — . — «««. — .4.-^, •-.+™-™ — «-»«-«-...-., — -.^««. 

f label ioperatlofi fargument 

4.-, — «-.«-^.-4.«, •. ..4-«.»«-.-. — ««»•«• •«-« — «-. 

I IKEYPOIMT I jfXk,Q 

7 .6.1.7 £iEI4r£Qfflpai:fi_SMap 

a) Compare {Xkl at CAj); If not €<|ua1« load Xk frofn Clpf If 
equal store {XOI at CAJH however, if (Aj5 locked, branch to 

p plus 2*a. 

CMPXA - CFormat = jkO Op Code = 84 Reff = 125) 

.^.. — ^. — -^^^.f., •« — , — ^^, — —«—«-«-«-. «^«-«—-.- 

1 1 a be I I ope r a t i on far gumen t 

^« — . «-+«--= — .-«««.^, — -— ^••, «--— , — «- 

1 tCHPXA |Xk,A|,XO, label 

label - byte address of the new locationt must be In 

the sam^ section. 

k serialization function is perfornied before this Instruction 
begins and again at Its end. Execution of this Instruction Is 
delayed until all previous accesses to central memory on the part 
of this processor ^r^ completed. Execution of subsequent 
Instructions Is delayed until all central mefiiory accesses due to 
this Instruction dkr?t completed. 

Conceptually, the execution of this "Compare" Instruction on 
the part of a processor results In preventing other processors 
fron! accessing any part of the central memory word at the PVA 
contained In Register Aj between the r^'std ax\4 write accesses 
associated with the execution of this Instruction, provided such 
processors are also executing a "Compare" instruction. Mith 
respect to this instruction only. In order to satisfy its 
"non-preemptive" requirement, the use of 64-bit words consisting 
entirely of ones In their leftmost 32'-blt positions, 00 through 
31, is reserved for each processor's Implementation of this 
Instruction. 
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7.6.1.8 L0SET-Load Bit 



7.6.1.8 LES£IrLoad-.ii.l 

a} Load Sit to Xk Right frow CAj> bit Indexed by <XOI flight and 
set bit in central niemory. 

L8SET - (Format = jk Op Code = 14 Refi = 124) 

I label I operation I argument 

+ -^ — —J. — -, , — -.•^.-— — — — ---—--. — — «— 

I ftSSET |Xk,Aj,IO 



Tills Instruction transfers a single bit into Register Xk 
RIghtf bit position 63f from a bit position In central niemory* 
This instruction also clears the Xk Register in Its leftniost 63 
bit posltionSf 00 through 62. The bit position in central memory 
Is unconditionally set without changing any other bit positions 
within the byte or word* 

Mo other accesses froro any port shall be permitted access to 

the byte in central memory from the beginning of the read access 

until the end of the write access which sets the bit within that 
byte. 

A serialization function is performed before this Instruction 
begins and again at Its ending. Execution of this Instruction is 
delayed until all previous accesses to central memory by this 
processor are completed. Execution of subsequent Instructions by 
this processor is delayed until all central memory accesses from 
this instruction are completed* 

7 . 6 . 1 . 9 lEISErlas t-E iajfi 

a) Test Page (Aj) and Set Xk Right. 

TPAGE - {Format = jk Op Code « 16 Refi = 126) 

^— , --+«-. —-1.-.^ ■ -^ ^ — ^ 

I label I operation I argument 

+-, +«- -« •+-—-,- — — —- 

I I TPAGE iXkfAj 

This instruction shall test for the presence of the page In 
central memory corresponding to the PVA contained In Register Aj. 
When this Instruction finds the corresponding page In central 
memory» the »Used* bit In the UM field of the associated Page 
Descriptor Is sett and the Real Memory Address (RHA) translated 
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7.6 •1.9 TPASE-Test P-a§e 

from the PVA contained !n Register Aj Is transferred to- Register 
Xk Right. When this instruction cannot find the corresponding 
page In central ■ memory* Register Xk Right Is set In bit position 
32 and cleared In felt positions 33 through 63. 

T , 6 . 1 • 1 ceill- £Qp3^^£i:fiL£-EiiQalEg-Cauata£lIlM£l-.i:Q^I 

a) Copy to Xk from Central Hemory Maintenance Register at i%j) 
Right. 

CPYTX - (Format = jk Op Code == 08 Ref# = 132) 

1 label loperatlon larguwent 
I rCPYTX |Xk,Xj 

This Instruction shall copy the central menuory Halntenance 

Register specified foy the contents of Register Xj Into the Xk 
Register* A H 64 bits of the Xk Register shall be cleared before 
the selected register Is copied Into It. 



7.6.2 LOCAL PRIVILEGEO MODE 



This class of Instructions shall be permitted to execute only 
froffi segments having either local privileged mod^ or global 
privileged mode. If an Instruction in the local privl leged mode 
class attempts execution from a segment having neither local nor 
global prIvllegeSf a Privileged Instruction Fault shall be 
detected* execution of that Instruction shall be Inhibited* and 
the corresponding program interruption shall occur. 

Instructions in the local privileged mode class are executable 
whenever a processor Is executing Instructions from a segment 
whose Segment Descriptor defines that segment as either a local 
privileged executable segment or a global privileged executable 

segment. 
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7«6.2»1 LPAGE-Loa-d Page Table Index 

7 :• 6 * 2 • 1 L£i££rLQad_£ag.£-Iaiila-iiidaE ■ 

aJ Load Page Table Index per -fXjJ to Xk. Right and Set XI R!§ht« 
LPAGE - (Format = jk Op Code - 17 Ref# ■= 1271 

llabel loperation largument 

I ILPAGE fXk,XJ,Xl 

This local privileged Instruction searches the Page Table In 
central mefnoryt returns the final Index value to Register Xk 
Rightf QiXMi sets Register XI Right according to the results of the 
search* 

The entry searched for within the Page Table Is defined by the 
System Virtual Address CSVA) contained In Register Xj. 

The nupnber of entries searched shall always be transferred to 
Register XI Rlght» bits 33-63f r Ight- justified with zeroes 
extended. 

¥M^x% a Page Oescrlptor corresponding to the SVA Initially 
contained In Register Xj Is foundt the Index Into the Page Table 
which Is associated with that entry shall be transferred 
r Ight- just If led and zero-extended to Register Xk Right § and bit 
32 of Register XI Right shall be set. 

When the '9nq^ Table search terminates as a result of not 
finding a Page Oescrlptor which corresponds to the SVA Initially 
contained in Register Xj (whether the termination results from a 
Continue bit equal to or performing a maximum of 32 
compar I sons) f the Index Into the Page Table associated with the 
last entry compared shall be transferred Into Register Xk Right 
and bit 32 of Register XI Right shall be cleared. 

7.6.3 GLOBAL PRIVILEGED HOPE 

This class of Instructions shall be permitted to execute only 
from segments having global privileged mode. If avk Instruction 
In the global privileged mode class attempts execution from a 
segment not having global privileges, a Privileged Instruction 
Fault shall be detected, execution of that instruction shall be 
inhibited, and the corresponding program interruption shall 
occur. 
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Global privileged mode exists whenever tfie processor is 
executing Instructions from a segfient whose Segment Descriptor 
defines that segment as a global privileged executable segment* 

7 « 6 . 3 • 1 IMIEilEIr iiit££iiiiet_£i:Q£essQ£: 

a ) I nter r up t Pr oces sor per i Kk ) • 

iriTRUPT - CForpsat ^ Jk Op Code * 03 .Ref# ^ 122> 

I label Joperatlon largument 

1 IIMTRUPT fXk,j 

The execution of this global privileged cTass Instruction 
sends an external interrupt to one or more processors via their 
central memory ports • The processors are Identified by the 
central jnemory port number to which they are connected. 

The interrupting processor sends the contents of Register Xk 
to central memory. Central memory then sends an external 
interrupt to the processor Cs) on those ports whose port numbers 
correspond to the bit positions which are set within Register Xk. 
When the interrupting processor has two ports connected to the 
same memory t a »*Swltch* selects the port used to transmit the 
contents of Register Xk to central memory along with the 
"Interrupt** function. 

When the interrupting processor has two ports connected to 
Independent memor iest the state of Bit 33 of Register Xk selects 
the port used to transmit the contents of Register Xk to central 
memory along with the *»lnterrupt»» function. When Sit 33 Is 
cleart Port is used; when Bit 33 is sett Port 1 Is used. 

A serialization function Is performed before this instruction 
begins execution. That ist execution of this Instruction is 
decayed until all previous central memory accesses on the part of 
the Interrupting processor are complete. 

7.6.4 HIXEO NODE 

This class of Instructions includes those Instructions whose 
mode is dependent on a parameter selection within the 
Instruction. Depending on the value of the parameterf the mode 
of the instruction is non-pr Ivi leged* local privllegedt global 
privileged, or monitor. The description of each instruction 
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defines yihich parameter selects the mode and, how the se lectlo-fi- Is 

fiiade» 

7 . 6 • 4 . 1 agCErSi:aii£l3^aaii-llt£i:-.£QBditlQO-SegistaE 

a> Branch to CP> dlsp}aced by 2*Q and alter Condition Reijlster 

per Jkm 

QRCR - CForinat = JkQ Op Code = 9F Reft * 1341 

f label loperation f argyment 

-I- — . ^^: — . — , — — ^ — ., — ., — , — , .^. — -«««, — 

I fBRCR fjfkf label 
label - byte address of the new location. 



This Instruction tests the value of a selected bit In the 
Condition Register. The j field selects the bit number within 
the Nonitor Condition Register or within the User Condition 
Register depending on the k field. The k field shall also 
determine the branch decision and Condition Register bit 
alteration as follows! 

k = or 8f if bit J of the Hon! tor Condition Register is set* 
clear It and take a branch exit. 

k = 1 or 9f if bit j of the Monitor Condition Register is not 
sett set it and take a branch exit* 

k = 2 or A» if bit j of the Honitor Condition Register is sett 
take a branch exit. 

k = 3 or Bf If bit j of the Honitor Condition Register is not 
sett take a branch exit. 

k-4orC, ifbitjof the User Condition Register Is setf clear 
it and take a branch exit* 

k = 5 or 0» if bit j of the User Condition Register Is not setf 
set It and take a branch exit. 

k = 6 or Ef if bit j of the User Condition Register is sett take 
a branch exit. 

k = 7 or Ft if bit j of the User Condition Register is not sett 
take a branch exit. 
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7.6.4.1 8RCR-8ranch and Alter Condition Re<i!ster 

f^on ! tor . ^n4 Pf" I V I le9e<j „■ ^>o4^ " Some values of the k fie!<i of this 
Instruction shall cause this instruction to be a Monitor or 
Non-pr I v! leged Instruction as foflowss 

k I Hode 
-, »-^^-««-««-.^ — — .. — -, 

or 8 I Hon I tor 

1 or 9 i Monitor 

2 or A I Non- privileged 
8 I Non- pr 1 V 1 1 eged 



I 

4 or C I Hon-prfvi leged 
*= ^'' f Non-pr Ivl leged 
E I Hon-pr Ivi leged 
F I Hon- pr I v I lege d 



5 or 

6 or 

7 or 



These Instructions provide the means for copying certain state 

registers to and from X Registers. The state register Is 
addressed by means of the rightmost S-bits Initially contained in 

Register Xj Right. 

The address assignments are defined In Table 2 •6-1 and the 
restrictions In Table 2.6-2 of the MIGOS. 

a) Copy to Xk per CXj>* 

CPYSX - (Eormat = jk Op Code = OE Ref# = 1301 

I label loperatlon largument 

4.— «-. — -^«4.— — »«— ««.|. ^— .-- — -^-^ — -, — --« 

I ICPYSX |Xk,Xj 

This Instruction copies the contents of the state register 
addressed by the contents of Register Xj Into Register Xk* This 
Instruction is a non-pr Ivl leged Instruction. 



COC - AOVAHCED SYSTEMS DEVELOPMENT 

86/10/17 
CYBER 180 II Assembler ERS Revs F 



7.0 CYSER 180 CPU SYMBOLIC MACHINE INSTRUCTIONS 
7«6.4.2 CPYSXfCPYXS-CopY State Registers 

b) Copy from XK per CXjK 

CPYIS - (Format = Jk Op Code ^ OF Ref# = 131) 

^--, ^««-^^«««-«« ^4. — -.-^-«»«.«»^«-.w««-. — -- .•- 

1 1 a foe 1 I ope r a 1 1 on I ar g ume n t 

■4.^. , -+«—-, — , ^.= — «•«, ^, . — , «« 

I tCPYXS iXkfXj 

This lostryction copies the contents of Register Xk Into^ the 

state register addressed by the contents of Register X|» ■ 

7.6*4.3 £11 SCStEzE UH^fi-iMf f fi£ 

a) Purge Buffer k of Entry per IX J). 

PURGE - (Format * jk Op Code = 05 Reff = 1381 

+—«.«, — •-.4— -»— «- — 4.-. — ««-«—« — --««-—.««--. 
1 1 a be I I oper at I on f ar guroen t 

I r PURGE JXjtk 

The Purge Buffer Instruction Invalidates entries in the Hap 
and Cache buffers. The purge raay Invalidate all entries In a 
buffer* invalidates all entries In a buffer which derive from a 
given segmentt Invalidate all entries In a buffer for a given 
page* or Invalidate all entries In a buffer for a given 512 byte 
block* Register XJ contains the required address informatlont 
either System Virtual Address (SVA) or Process Virtual Address 
(PVA). 

An SVA contains the Active Segment (ASIOHn bits 16 through 31 
of Register Xj. A PVA contains the Segment number tSEGI In bits 
20 through 31 of Register Xj. Sits 32 through 63 contain the 
Byte Number (8N) for either an SVA or a PVA. The rightmost 9 
bits of the BN are Ignored and assumed to be zeros since the 
smallest purgeable portion of a buffer Is a 512 byte page or a 
512 byte block of a larger page. Proportionately more rightmost 
bits of the BN are Ignored and assumed to be zero as page size 
becomes larger than the 512 byte minimum. 

16 20 32 55 63 

+-- .« — , « — , — ^■. -, --., — ^.+ — ---««-.— ««««—».^^«-^^™««^ 

I /////////I SEG I BN I ///////// I 

I I AS ID ! 8N !///////// f 
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The vaiye of k deter mines the buffer to be purgedt the range of 
entries to be purgedt and the type of addressing used to 
determine the range of entries to be purged. The definition of k 
fol lows* 

k-Ot Purge all entries In Cache which are Included in the 512 

byte block defined by the SVA in Xj. 
k=lf Purqe all entries In Cache which are Included In the ASI9 

defined by the SVA In Xj. 
k=2f Purge all entries In Cache. 
k=3t Purge all entries In Cache which are included In the 512 

byte block defined by the P¥A In Xj. 
k=4->7# Purge all entries In Cache which are included in the SEG 

defined by the PVA in Xj. 
k=8» Purge all entries In Map which are included In the page 

defined by the SVA In Xj. This size of the page involved 

shall be determined by the contents of the Page Size Mask 

Reg I ster. 
k=9t Purge all entries in Map which are Included In the ASIO 

defined by the SVA In Xj. 
k=Af Purge all information from the map pertaining to the PTE 

defined by the PVA in Xj. The size of the page involved 

shall be determined by the contents of the Page Size Hask 

Register, 
k=8f Purge all Information from the HAP pertaining to the SOE 

defined by PVA In Xj9 and to all PTE*s included within 

that segment. 
k=C~>Ff Purge all entries \n Mapm 

for k=Of 1, 2f 8->F this Instruction Is a local privileged 
Instruction. It Is non-privileged for all other values of k. 



..... 



7.7 I££iaE-.illSISii£IIQ^S 
7.7.1 GENERAL DESCRIPTION 



This class of Instructions operate on vectorst that ist 
sequences of full-word integer or real numbers. These 
Instructions are only implemented on the Cyber 180 Model 990. 
Attempting to execute a vector Instruction on any other processor 
will result In an Un Implemented Instruction condition. 

7.7.2 COMHON ATTRIBUTES OF VECTOR INSTRUCTIONS 

All vector instructions utilize the jkiO Instruction format. 
However f some instructions do not use all operand fields. In 
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general f the J operand either Is an A register which points to a 
source vector, or Is an K register which contains a value which 
Is turned Into a vector by ^broadcasting** or repeating the value 
the necessary number of times. The K operand is an A register 
which points to the destination vector. The I opermnd is 
normally a second source vector t but is used differently by some 
Instructions. All addresses used by vector Instructions must 
point to a word boundary, or an Address Specification error *s»ill 
result* 

In the instruction descriptions that followt VCAjl represents 
either the vector addressed by Aj, or the broadcast vector 
created from the value In XJ. 

The field contains the length of the vector, when non— zero* 
It must be an positive integer less than or equal to 512. This 
Is the size of the vector In words. Hhen the rightmost ten bits 
of the D field are zero, XI Right specifies the length of the 
vector. When XI Right Is negative, an Instruction Specification 
error Is recorded. When XI Right Is greater than 512, 512 Is 
used for the size of the vector. I^hen the rightmost ten bits of 
the field are greater than 512, an Instruction Specification Is 
recorded. 

The leftmost bit of the field Is set by the Assembler when 
the J operand Is an X register, to Indicate that broadcasting 
shall take place. 

7.7.3 INTEGER VECTOR ARITHHETIC 
7.7.3.1 AmilzAdd^lnl&^&L^l&QLQt.s. 

a) Integer vector sum, VCAk) replaced by VCAj) plus VCAi). 
ADOXV - C Format = JklO Op Code « 44 Reff = 172) 



4--— .«---.«+— --. — «-. — +-—«—-«, 
Mabel loperatlon fargument 



I JAOOXV fAk,Aj,AI,0 

I lAOOXV fAk,Xj,AI,0 

The first form of this Instruction adds each word in the 
vector pointed to by A f to the corresponding value In the vector 
pointed to by Al , storing the result In the vector pointed to by 
Ak. The second form adds the value in Xj to each word pointed to 
by Al, storing the result in the vector pointed to by Ak. 
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a) Integer vector differencet V(Ak) ' replaced by VCAjl minys 
VCAI). 

SU8X¥ - ( Format ^ JkfO Op Code = 45 Ref# = 1731 

■4— -« — + ^«-.-«^«.^--««— ^ — -«-««-«^««. — «— <- 

I 1 a be ! I ope ration far §ume n t 

^ ^-.-= f-,: — . — «-^^ — --«^ «, — . — ««— «, . 

I ISUBXV |Ak,Aj,A!,0 

I ISUBXV |Ak,Xj»A!,0 

In the first forfUf each value Ifi the vector pointed to by A I 
Is subtracted from its corresponding value In the vector pointed 
to fey Aj. The results are stored in the vector pointed to by Ak» 
In the second formt the values pointed to by A I are subtracted 

from the value in Xj» 

7.7.4 INTEGER VECTOR COHPARISON 

The following four instructions coiiRpare corresponding elements 
of two vectors. The results are stored in the vector Indicated 
by Ak. If the compare is true, bit of the corresponding word 
In VCAk) Is set and bits 1 through 63 are cleared. If the 
compare is falset bits through 63 are cleared. If the second 
form Is usedf ^f>ihere Xj Is speclfied» each value In VCAH Is 
compared to the value In Xj. 

The following example shows the results In VCAk) after the 
Instruction Is executed. 

CHPEQV A9,A7,A8,3 

A7 — >| 2301 A8— >1 2001 A9— > fOO. ..00| 
I 751 I 751 (blnary)|10...00| 
I 181 1 271 loo.. .001 

4— •■ — ---I- + -■-«+ -I— -«- + 



7*7.4.1 CM££§irIal£S£i:-^fi£tai:-£QiB|2ai:iSQa«r-.£aual 

a) Integer vector compare, VCAk) replaced by VCAf) equal to 
VCAI). 
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7 • 7 • 4 • 1 CHPE Q V- 1 n t eger Vec tor Compmr ! s on - Equal 

CMPEQV - < Format = jkiO Op Code = 50 Reff = 176) 

Ilabel loparation \argument 

^«— ^1--: — — «- — .4— 1— .-«— -«-«—-«.-.« 

I ICMPE^V Uk,Aj,Ai,0 

f ICMPEQV |Ak,Kj,Af,0 

7 • 7 • 4 . 2 £iELIIr.Iatags£:-.M££i;fi£-.£Q!S|25!:iSQa«r^L£SS-Il2 JO 

a) Integer vector compare t V(Akl replaced by V<A|> less than 
VCAIK 

CHPLTy - ( Format ^ jkiD Op Code = 51 Ref# == 1771 

.^--« , -4™. — — .-, — ^.. —-.-.«-««-— ——««•«- 

1 1 a be I f ope ration far guwen t 

I ICHPLTV |Ak,Aj,AI,0 

f ICMPLTV |AkfXJ,A!,0 

7 . 7 • 4 . 3 CME££^rIiiJ:s^e£^M£j;:l:0ii«CQ2J|2a£isQQ«=-Si:sata£-,Iliac-.Qi:-£qaal 

a) Integer vector cowparet VCAk) replaced by VCAf) greater than 
or equal to VCAi) • 

CHPGEV -- C Format ^ jkiO Op Code = 52 Ref# * 178) 

4- — —--«--+ «-» — 4., — -— — ™ ^^- — -««-«-- 

J labe I I operation I argument 

.4.-. 4. ^ -4. , , — . 

I f CHPGEV |Ak,Aj,AI,D 

f ICHPGEV |Ak,Xj,Ai,0 

a) Integer vector compare* V(Ak) replaced by VCAj) not equal to 
V(A!), 

CHPNEV - ( Format = JkiO Op Code = 53 Reft = 179) 
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7.7.4.4 CMPHEV- Integer Vector Comparison - Hot Equal 

f label foparation farguiuerst 

I ICHPMEV |Ak,Aj,A!,0 

I ICMPNEV lAk,Xj,AI,0 

7.7.5 SHIFT VECTOR CIRCULAR 

a) Shift vector circular* VCAk) replaced byVIAjl, direction an4 
count per VCAjl. 

SHFV - C Format = jklO Op Code = 40 l?ef# ^ 1801 

Mabel loperatlon f argument 

+--.^, «^— — ^-«. — ^.^^^. •-««---.— ^— «-«-.--. 

I tSHFV |Ak,Aj,Ai,0 

I I SHFV |Ak,Xj,Al,0 

TNIs Instruction performs a left circular shift on each 
element of V<Ai)t as directed by the corresponding element of 
VIAjIt storing the results In V<Ak). The shift count for each 
element of VCAII Is taken form the rightmost 8 bits of the 
corresponding element of VCAj) and Is Interpreted as followss 

The sign-blt In the leftmost position of the 8-blt shift count 
shall determine the direction of the shift. When the shift count 
Is positive <slgn bit of zerolt this instruction shall left 
shift. When the shift count Is negative Csign bit of onelt this 
Instruction shall right shift. Shifts shall be from 0-63 bits 
left and from 1-64 bits right. Based on an 8-blt signed Z*s 
complement shift countt these shifts are as follows^ 

0111 1111 — \ 

5 — Left Shift 0-63 
0100 0000 — / 
0011 1111 Left Shift 63 

0000 0000 Left Shift 

1111 1111 Right Shift 1 

• '• 

1100 0000 RIgbt Shift 64 
1011 nil — \ 

: — Right Shift 1-64 
1000 0000 --/ 
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7.7.5 SHIFT VECTOR CIRCULAR 

yiiefi tfiese interpretations of the shift count resyft In an 
actual shift count of zero# the instruction transfers the element 
of ¥CAI) to the corresponding element of VCAk) with no shift. 

When broadcast of VCAj) Is selected and j~0» the contents of 
the XO register shall be Interpreted as consisting entirely of 

zeros* 

7.7.6 LOGICAL VECTORS 

7.7.6.1 IQKlzLlUcluslU&^QtL^l&HtQLS, 

a) Logical vector sumt VCAk) replaced by VCAj) OR VCAl). 
lORV - C Format = jklO Op Code = 48 Ref# = 181) 



.^^^, — -. -+. — «•««, -^- — «-««-«-—«-« — —— 

llabel loperation I argument 

I IIORV |Ak,Aj,Ai,D 

I IIORV |Ak,Xi»Ai,D 

7.7.6.2 lQglz.EKclHSLL^&^Q^^tiL€XQLS. 

a) Logical vector dlfferencet VtAkI replaced by VCAj) KOR VCAII. 

XORV - C Format ^ JkiO Op Code = 49 Ref# =1821 

+-«, --.^. — , -™«-4^ — «— •. — — •«.« — -.«-.-««—- 

llabel loperatlon largument 

1 IXORV fAk,Aj,Ai,0 

I !XORV |Ak,Xj,Ai,0 

7.7.6.3 AmizLQUlcaLl^AQd^l&QtQLS. 

a) Logical vector product # V(Akl replaced by VCAj) ANO VCAII. 
AMOV - ( Format = JklO Op Code = 4A Ref# = 1831 

llabe! loperatlon largument 

I lANOV lAk,Aj,Ai,0 

f lANOV |Ak,X|,Ai,0 
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7.7.7 COHVEKT VECTORS 



7.7.7 COWEf^T VECTORS 

7.7.7.1 LUlEtz,CQQyLSii:t^lQ.CtaC^BCQm^lMtm^C^tQ^ElQBt 

a) Convert vector t floating point VfAk) formed frojn integer 

V(lLJ). 

CNIFV - i Format = JklO Op Code = 48 Ref# ^'IS-^) 

Mabe! I operation largwuient 

.4.*--. — .«+ — ■— «. — , +«. . — , — , , — ., , 

I ICNIFV |Ak,Aj%0 

I ICNIFV lAk,Xj,0 

7.7.7.2 £!IIEIz£.aQM,si:t~^2£tQi:-.£EQii-£lQat-ta^i£itagai: 

a) Convert vector, integer VCAk) formed from floating point 
V(Aj). 

CMFIV - C Format ^ jkiD Op Code -^ 4C Ref# ^ 185) 

^-.-.— , , — +-^ — . «.^-«. — ««- — «-«««««-.«^ — ---^ 

Mabel loperation I argument 

^ «-•+«-« — «, — . — 4..«,.-,.««-«..«^. — . .«« 

I ICNFIV fAk,A|,D 

I fCNFIV |Ak,Xj,D 

7.7.8 FLOATING POINT VECTOR ARITHHETIC 

a) Floating point vector sumt VCAk) replaced by VCAJ) plus V{A!>. 

AOOFV - ( Format = JkiO Op Code * 40 Ref# ^ 186) 

+«.-«-^ — . — «^-«« •+-^ — ««-. — -..«—.-—-.«-«--«- 

f label loperation largument 

I lAOOFV |Ak,Aj,AI,0 

I lAOOFV |Ak,Xj,Ai,0 

7.7.8.2 SyBE^zElQatlfiS-EQiat-EfictQC-Qif f fi££Qcs 

a) Floating point vector dlfferencet VCAk) replaced by V(Aj) 
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7«7«8.2 SUSFV-Floatlng Point Vector Differ en ce 

mlfios VCAD* 

SU8FV - C Format = JkiO Op Code =41 Refi = 1871 

I label foperatiofi largument 

4— -•«. — — -.4-« -^—4— ^-..«^«. — ««. — --.^ «•«• 

I rSUSFV fAk#Aj,Ai,0 

I iSySFV |AI<,Xj,Al,0 

7 • 7 • 8 . 3 nyLEMzElQalifl^-EQiiit^Ifictaii-EcQduci: 

a> Floating point vector product, VCAk) replaced by ¥CAf> times 
VCAil. 

NULFV - ( Format = jklO Op Code « 42 Refi = 188> 

4 — -«-. «+. «-«^«, — -i-^, .«««. -^. «, — . 

f 1 abe I \ opera t i on I ar guroent 

.4....— -, -^^. — •«-.. -.4.-.— -- .-« — -«««--, — -^•« 

t IHULFV lAk,Aj,Ai,D 

I IHULFV fAk,Xj,Ai,0 

a) Floating point vector quotient f VCAk) replaced by V(A|I 
divided by V { A I ) • 

OIVFV - C Format = jkiO Op Code = 43 Refi = 189) 

4.««— — -— f ««-- — +-«, — -.«««-.—«. -. — -^ 

llabel toperatlon fargument 

f tOIVFV fAk»Aj,A!,D 

I IDIVFV |Ak,Xj,Ai,0 

7.7,9 FLOATING POINT VECTOR SUHHATION 

7 • 7 . 9 • 1 syM£lr£laatiJ3a-eaJLat-.^fi£lQ£-.Sii2jmatiQD 

a) Floating point vector summatlont Xk rep}Bced by summation of 
elements in VCAI )• 

SUMFV - ( Format = jklO Op Code = 57 Ref# = 190) 
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7«7.9«1 SUMFV-F1 oat frig Point Vector Suniajatloo 

I label I operation I argument 

I ISUHFV |Xk,A!,0 Merge Vector 

a) Herge vectort VCAkJ partially replaced by VCA|) per mask 
vcii>« 

HRGV - < Format = jklO Op Code = 54 Ref# = 191) 

.^.^ , — . — «^^ — --«»^ — «^««™«, «-«^ — . — -««-«- 

1 1 abe 1 i ope ra 1 1 on I argument 

f IHRGV |Ak,Aj,AUO 

I IHRGV |Ak,Xj,Ai,0 

Ibis instruction replaces the first element of V(Ak) with the 
first element of VCAj) If bit Is set In the first element of 
VCAi), If bit Is clear, the first element of V(Ak) is left 
unchanged. This operation In repeated for successive elements 
until the required number of operations has been performed* 

7.7.10 GATHER ANO SCATTER VECTOR 

7.7.10.1 Q.QtllSiL^)Lt,QtQL 

a) Gather vectort VCAk) replaced by gathered V(Aj) with Interval 
Xl. 

GTHV - C Format = jklO Op Code = 55 Ref# = 1921 

I label loperation largument 

f IGTHV tAk,Aj,X!,0 

I IGTHV |Ak,Xj,AI,0 

This Instruction obtains the first element from V{Aj) and 
stores It as the first element of V(Ak), The second element to 
be stored In V(Ak) is taken from the address formed by adding the 
rightmost 32 bits of Xit shifted left three places with zero 
fiilf to the rightmost 32 bits of Aj. Successive elements In 
VCAk) are taken from the address formed by adding the rightmost 
32 bits of XI, shifted left three places with zero fill, to the 
rightmost 32 bits of the previous address. The Mth 
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Cli2»3t ••• ffif • • •> element of ¥CAk) is replaced by VIA J) whose 
address Is CAj)^8*fn-l)^(Xn. The contents of register Xf are 
not altered by the eKecution. 

ThuSf contiguows vector VCAk) Is formed by gathering elements 
froro VCAj) at Interval X!« 

7 . 7 . 1 • 2 Sea t t S£^Ia£ tQC 

a) Scatter vectort VCAkI replaced by scattered VIAj) with 
interval XI. 

SCTV - C Format = jklD Op Code = 56 Reff = 193> 
I! abe I f operat I on I argument 



I I SCTV fAk,Aj,Xi,0 
I ISCTV fAk,Xj,AI,D 

This Instruction obtains the first element from V(Aj) and 
stores It as the first element of VCAk)» The second contiguous 
element from VCAj) is stored Into VCAkI at the address formed by 
adding the rightmost 32 bits of XI * shflted left three places 
with zero fill, to the rightmost 32 bits of Ak» Successive 
elements from VfAj) are stored Into the addresses formed by 
adding the rightmost 32 bits of XI t shifted left three places 
with zero fill, to the rightmost 32 bits of the prevous address* 
The Nth <1 , 2, 3, • • • ,n, • • • > element of VCAf) Is stored Into VCAk) 
at (Ak)^8*Cn~U*VXn, 

Thus, the contiguous elements from VCAj) are scattered In 
VCAk) at Interval XI* 
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8 • £Xa£E^iaa.4SS£iaL£E^SIMaQLX£^lQy«II^SIEy£XMIMS 



8*1 SIMBQLIC-iQIMIQM 

The label field of a symbolic machine ifistructlon 
optionally contains a symbol. If there Is a label present* It 
Is assigned the value of the current location counter. 

The operation field of a symbolic machine Instruction 
contains the Instruction mnemonic which Is a pre-defined three 
or four character name* The first two characters generally 
describe the function to be performed (le. data transmission* 
arlthmetlcf etc. I. The third character Indicates the 
addressing mode used. And if there's a fourth character this 
Indicates lt*s a "long" machine Instruction using a 16-bit 
operand rather than a 12-blt operand. 

The argument field of a symbolic machine Instruction 
contains one or two subflelds. Each subfleld contains an 
absolute or relocatable expression that reduces to a 6-bltf 
12-blt or 18-blt value. 

An optional comment field may follow the last subfleld of 
the argument field. A comment must begin with the period i.) 
character. 

8.2 IQy^MACMXME«IMSIEU£IIQi^EQ£MAIS 

All lOU Instructions are represented in one of four 
formats. Two of these use a single 16-blt word and the other 

two use two consecutive 16-bl t words. These formats are shown 
below. 



16-bl t Formats 

4 5 5 6 

8 2 8 3 

fg !0 ! f I d I 

■f -I- — «-4.— .^«« -«- ^ «4. — ««, — «--««« .^, ^«.«-|. 

^ — ^, — .-. ,+«««-« -««««««--« .-«^^«4.— .--.-«««-, —--.4. 

Ig to I f I si c I 
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32-bit Formats 

4 5 5 6 

8 2 8 3 

I9 10 I f I d I 

to I m I 



!g 10 I f I si c I 
10 I m I 



The fol lowing field descriptions apply to both ffistructlon 
for mat s s 

f 6-blts the least significant 6 bits of the 7 felt 
operation code* 

d 6-b!ts an operandi part of an operand* or an 
address specification depending upon the 
instruction, 

c 5-bits a channel number. 

m 12-bits part of an operand, an address 

specification or an I/O function code 
depending upon the instruction. 

g 1-bit the most significant bit of the 7 bit 

operation code; g controls the width of 
the value read or written from lOU memory. 
If g i s Of the operand Is 12 bitsi if g Is 
one the operand Is 16 bits* 

s l~bit a sub-operation code used with certain I/O 
instructions. 

unused bits which should be set to zero. 
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8.3 IQy^lQllS£SS-.iQII£S 

lOU instruction operands are determined by the address Jioda 
of the instruction* The 16-blt or 32-bit Instruction format 
provide for 5f 6, 12» 16 or 18 bit operands and 6 or 12 bit 

addresses* 

8,3*1 MO«AOORESS HODE <N) 

The no-address mode used the d-fle!d directly: as a 6-b!t 
operand* 

8.3*2 COHSTAHT HOOE (C> 

The constant mode uses the d-fleid and the m-f!e1d directly 
as an 18-bit operand. The d-fle!d contains the most 
significant 6 bits and the m-fleld contains the least 
significant 12 bits* 

8.3.3 DIRECT HOOE CO)- 

The direct mode uses the d-field as the 6-blt address of a 
12 or 16 bit operand In memory. 

a. 3.4 INDIRECT NODE (I) 

The Indirect mode uses the d-field as the 6-blt address of 
a word In memory that Is used as the address of a 12 or 16 bit 
operand In memory. 

8.3.5 HEHORY HOOE CH) 

The memory mode uses the d-field and the m-f ield to specify 
the address of a 12 or 16 bit operand In memory. 

If the d-fleld Is zerot the m-f Ield Is used as a 12 bit 
address (bits 52-63). 

If the d-fleld Is not zerot the d-fleld Is a 6-blt address 
of a 12 -bit Index. This Index Is then added to the m-f Ield to 
generate the 12-blt address of all the possible lOU memory 
locations { to 07777(8)). 

The 12-blt address Is specified by d and m as follows 
(expressed In octal) 2 

1 I m^O I m=7777 |0<m<7777 f 
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|<l=0 




i 





1 





f 


e t 


|d/=0# 


Cd)=0 


1 





1 





1 


fit 1 


fd/=0. 


(dl=7777 


1 





1 


mi 


1 


«i I 


4- — — -. 


0<Cdl<7777 


1 


Cd) 


1 

-^- — 


14} 


I 

.4. — 


fi^Cdll 



Note» In the block I/O and central memory access 

Instruct I onSf d has an alternate meaning and Is not used In 

address computation* The first word address for these 

instructions Is gotten directly from m and can reference 
I oc at I on 7 77 7 ( S ) * 

8 . 4 MQIi£MCLIiyS£^liS£Q^IM-.IQy^IMSISy£IIQIiS 

This Is the nomenclatore used In the following Instruction 
descriptions. 

A Refers to the A-reglster {arithmetic 
register) • 

{^} Refers to the contents of the A-reglster. 

X Refers to one bit field v#hlch can foe either 
or 1 • 

c Refers to channel number. 

d Refers to the value of the d-fle!d 
(no-address model. 

dm Refers to the 18-bit value obtained from the 

d-f I e I d and the m-f I e I d C con s t ant mode I • 

(d> Refers to the contents of the location 
specified by the d-f I e I d ( d 1 r ect mode I . 

(id)) Refers to the contents of the location 

specified by the contents of the location 
specified by the d-fleld (indirect model* 

m+(d) Refers to the address specified by the 
m-fleld Indexed by the contents of the 
location specified by the d-field* 

(in+(d)) Refers to the contents of the location 

specified by the m- fie Id Indexed by the 

contents of the location specified by the 
d-f I e 1 d ( memor y mode ) . 
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■p Refers to the P-re-glster (program address 
register) • 

R Refers to the R-reglster (re^ocmtion 

register), 

CR> Refers to the contents of the R-regrster. 

CR)+CAI Refers to the central memory address formed 
from the contents of the R and A registers. 

8.5 ££!^£SiL^IQy«IliSiay£IiQMS 

The symboHc machine Instructions are divided according to 
their function an4 then further divided according to the 
different addressing modes. 

8.5.1 BRANCH INSTRUCTIONS 

8.5.1.1 LMM,^RdnM,MMjL^lMs.^UMs,^EdBjL^nM 

a) This instruction Is a long Jump to the address formed by 
ffi+ 1 d > . 

LJM - (Format ^ fdm Op Code « 0001dm Size = 32 bit) 

+- — -^«— , — 4.--. — — «— -^.-«— . ««.-.«•«-« — -.-.-««^« 

1 1 abe ! ! ope r a 1 1 on I ar gument 

r ILJH |m,d 



If d = 0, then mis not modi fled. 



b) This Instruction stores the current program address plus 
tvrfo ((P)^2) In the address formed by m -*- (d). The 

Instruction then does a return jump to m ■»■ (d) ^ 1. 

RJH - (Format = fdm Op Code = 0002dm Size ~ 32 bit) 

4.- «-««^«^^^-, ««.««+- --.»«-«—, -—«-•««, — 

Wabe^ foperatlon largument 

t IRJH fm»d 



If d - Of then m Is not modified. 
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cl This instruction causes an unconditional jump forward or 

backward as specified by d. 

yjN - CForrwat = fd Op Code = 0003d Size = 16 t>itl 

+«^«--^«««^+-,— . — — .-•^«— ««««« ^^.^. — ««.«. 

f I a be 1 I ope rat! on | ar gume n t 

.f.--.-»— — -*+-.«*^-.««, -^^^. — «-—-.-.«-«««--«-«-«« 

I lUJM N 

d) If CA) Is zerof then this Instruction causes a branch 
forward or backward as specified by d. 

IJH - (Format == fd Op Code = 0004d Size =16 bit) 

-I-*. «. +»«««-«««-«-|. -..«-, — «-.«-—-«. — — , «-.« 

Mabel loperatlon I argutnent 

4.»^— . — ««— ^.-.-— •— .— «.-i— .« — -—«»««««•. — . «»-«—. 

f fZJN Id 

el If CA) Is non-zerOf then this Instruction causes a jump to 
a location either forward or backward as specified by d* 

HJH - CForniat = fd Op Code = 0005d Size = 16 bit) 

Mabel loperatlon I argument 

^--«« — *«-«.4.«.««, ^«»^— « —-.—.«. , -«.-««• 

f IHJH Id 

f) If CA) Is posltlvcf then this Instruction causes a jump to 
a location either forward or backward as specified by d. 

PJN - (Format = fd Op Code * 0006d Size = 16 bit) 

^ ->-^ ^. -.--I—, — , «--— «---«^ «« 

Mabel (operation I argument 

I \PJH Id 
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8,5,1,1 tJH, RJH, UJM, ZJW, NJH, PJN, HJN 



) If (A) IS eegativef then this Instruction causes a jump to 
a location either forward or backward as specified by d» 



MM - (Format = fd Op Code == 000 7d Size = 16 bitl 

J label loperatlon fargunsent 
I IflJM Id 

• • « • • • • 

8,5.2 SHIFT INSTRUCTION 

Tbe SHN Instruction shifts the content of the A register 
either right open-ended or Teft circularly as specified by the 
d-fleld. If the most significant bit of the d field Is zerot 
then the content of the A register shifts circularly to the 
left. If the most significant bit in the d field Is onet the 
content of A shifts open-tended to the right* 

8.5.2.1 snu 

a) Shift (A) by + (left) or - fright) d bits. 
SHN - (Format - fd Op Code = 001 Od Size = 16 bit) 

I label loperatlon | argument 



f 



ISHH 



Id 



If there's a d-field of or 7718) # then no shifting takes 
place. 



. . « • * 



8.5.3 LOAD AND STORE INSTRUCTIONS 



This sub-group of instructions Is responsible for 
transferring 6-bltf 12-bltf 16-blt or 18-blt values either to 
or from the lOU A register or memory. When a LOAO Instruction 
is executed any remaining upper bits of the A register are 
cleared* except for the LCN instruction where the remaining 
bits are set to one. When a STORE Instruction Is executedt 
the contents of the A register are not altered* 
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8.5.3.1 LON» LCHf LDC - tOAO bits by HO AOORESS and CONSTAMT 

al Load bits 58-63 of tfie A reflster frofn d^fieldl bits 46-57 
of A are cleared. 

LON - CEormat - fd Op Code = 0014d Size = 16 bit I 
1 1 abe 1 I opera 1 1 on I ar gumei^t 

I itm Id 

fo) Load bits 58-63 of the A register with the bit by bit 
complefient of the d-fleld; bits 46-57 are set to one. 

LCH - (Format = fd Op Code = 0015d Size = 16 bit) 

^-^«.«— -^— 4.«-.««— «««^^^—- -«• — «-«.«^«-.««««^*«- 

Mabel I operation I argument 

4.: — -, — . ^ — — «««.4., — ««^-, — «- — -«-«.-. ^ 

I ILCM Id 

c) Load A register with 18-blt operand from d-f!e1d afnd 
m-fleld. 

LOC - CFormat - fdm Op Code = 0020dro Size = 32 bit) 

1 1 a be I I ope r a 1 1 on far gume n t 

I ILOC I dm 

NOTE: There are no corresponding STORE Instructions using 
the NO-AODRESS or CONSTANT modes. 

8.5.3.2 LOaa.-.LQQLx«SIOA-SIIlL-.r^LQAQZSIQ&£-.bitS-iiX~QiS£CI-.aiQil£ 

a) Load A register with a 12-blt quantity (short form) froin 
id). 

LOO - (Format = fd Op Code = 0030d Size = 16 bit) 

t label loperatlon f argument 
I ILOO Id 
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86/10/17 
CYBER 180 II Assembler ERS R-evs F 

8*0 CY8ER 180 ASSEHBLER SYMBOLIC lOU INSTRUCTIONS 

8.5.3.2 too, toot, STO, STDL - LOAO/STORE bits by DIRECT mode 



b> Load A register with l6-bit quantity {long forw) from Cd). 

LOOL " C For mat = fd Op Code = 1030d Size = 16 bit) 

^ ^- -««+«««««««-«, ^«-—« „««««— «-—«^^.-.-« 

1 1 a be 1 I o pe r a t i on f wr gume n t 

^ — ». — -«««-^««««™ — «^—™»«.« — --«™^, -«, 

I I LOOL Id 



c) Store the 12-b!t quantity (short form) from A register into 
Cd>. 

STO - CFormat = fd Op Code - 0034d Size - 16 bit I 

nabel f operation f argument 

4. . — -, 4. ™-, «4.««- , . — — , «. -. 

I I STO Id 



d) Store the 16-b!t quantity C long forml from A register into 
I. 

STOL - (Format = fd Qp Code ~ 1034d Size = 16 bit) 

I label f operation f argument 

.4.. «-«--«- .4. «. — -.4.^^ . ^ — , — . — -«« 

f I STOL I d 

8.5.3.3 L0Ix>LQIL4t_SIIx>SIiL^r.LfllQ/SIQE£^bIts«iay«IMaig£CI-.ffiQd£ 

a) Load A register with 12-bit quantity (short form) from 
((d)). 

LOI ~ (Format - fd Op Code ~ 0040d Size - 16 bit) 
1 1 abe I I opera 1 1 on f ar gument 

-4— -« - — 4.-«— -.«« 4.. — ^— ^« ^ . — « -- 

I ILOI Id 
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COC - ADVANCED SYSTEMS OEVELOPHEMT 

86/10/17 
CYBet 180 II Assembler ERS Rev? F 

8.0 CY8ER 180 ASSEMBLER SYHBOtIC lOU INSTRUCTIONS 

8.5.3.3 LOI, LDIL, STI, STIt - LOAO/STORE bits by INDIRECT mode 

bl toad A register virltb 16^b!t quafitfty < lofi<i formi from 
CCdH. 

LOIL - C Format - fd Op Code ~ 1040d Size = 16 bit) 

+». -, — «-.«^«, . 4. .. — . -— •-. — ^«--« 

1 1 a be I I oper a t i on I ar qument 

I iLOIt Id 

cl Store 12-bit quantity (short for ml from A register Into 
(CdH* 

STI - (Format = fd Op Code - 0044d Size = 16 bit) 

.4..--- — --, — -.^-.— «««-, ^.«««, •.^.«. «««■—««« ^-.- 

Mabel loperation largumefit 

^.— -- .— -- ., — ^-.-«-.^— — ««^-.-.«« — -.^««—.— «.—.«.-«--.-«« 

! I STI Id 

d) Store 16~bit quantity (long form) from A register Into 
<(d)). 

STIL - (Format = fd Op Code = I044d Size = 16 bit) 

I 1 abe I I oper a t i on I ar qume n t 

I I STIL Id 

8.5.3.4 L0Bx^L0MLx^SIMx.SI^L_Z-LQAfi/SIQE£«bit5-iJ^-.!!£l!agl-ilJQd£ 

The atidress for the operand In these instructions Is formed 
In the following manners If the d-field is zerot the m-fleld 
contains the operat^di If the d-field is not zerot the m-fleld 
Is added to the least significant 12 bits of (dl In ones 
complement mo de . 
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COC - A0V4MCE0 SYSTEf^S OE¥EtOPMENf 
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CYBER ISO II -Assembler- ERS Rev: F 

8,0 CYBER 180 ASSEHSLSR SYH80LIC lOU INSTRUCTIONS 

8,5.3.4 tOH, LOHt, STH, STML - tOAO/STORE bits by, HEHORY mode 

a\ Load 12-'btt operand C short form) from memory into A 
register* 

LOH - C Format == fdm Op Code = 0050dm Size - 32 bit) 

I label I operation f argument 

+ , ... — ^ — . — — «-.. — 4.«. . — ^. — «-, . -*, — 

I I LOH |m,d 

b) Load 16-bit operand (long form) from memory into 
A-register. 

LDHL - C Format = fdm Op Code = 1050dm Size = 32 bit) 

^». — .» — -^-4.- — -.«-«--«+^«-.««--.-«-— ,«, . — «.««•«.. 

I I a be I I ope r a 1 1 on I ar cfume n t 

I ILOHL Im^d 

c> Store 12-bit quantity (short form) from A register into 
memory. 

STH - (Format = fdm Op Code = 0054dm Size = 32 bit) 

Mabel foperation t argument 

I I STH Im.d 

d) Store 16-bit quantity (long form) from A register into 
memory. 

STHL - (Format = fdm Op Code = 1054dm Size = 32 bit) 

! Label foperation fargument 

4.-«-^ — -..-. — ^« « -^. --.«..«-. — , -.-.—-•««. .-« 

I I STHL |m,d 

. ..... * 

e.5.4 ARITHMETIC INSTRUCTIONS 

These instructions perform integer arithmetic using the A 
register as one operand and the instruction specifying the 
other operand. The result is then replaced in the A register* 
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COC - ADVANCED SYSTEHS OEVEtOPMEMT 

86/10/17 
CYBER. 180 II Assemblar EtS l^evt F 

8.0 CY8ER 180- ASSEHBLER SYMBOLIC lOU INSTRUCTIONS 

8.5.4*1 AON, ADC, S8M - A00/SU8TRACT by HB ADDRESS m€ COMSTAMT 

8.5.4.1 muM.^mQ^^mn^z^mMmMM£i^ht^uQ^AmKESs^^n.d^mmimi 

a) Add a 6-bit <|uant!ty from the d-f lefd to the contents of 

the A-register. The result remains In the A register* 

mn - (Format = fd Op Code = 001 6d Size = 16 felt) 

n a be I I ope r a 1 1 on I ar gome n t 

f fAON Id 

b) Add an 18-bit quantity frofii the d and m fields to the 
contents of the A register. The result regains In the A 
register. The d-fleld contains the 6 highest order bits 
and the m-fleld contains the 12 lowest order bits. 

AOC - (Format = fdm Op Code = 0021dm Size = 32 bit) 

^«^ — -»•-.•« -i.--«-«««.™.4>.-«- — . — ^-.- «-«»-. -..^«— « 

1 1 a be I f oper a 1 1 on I ar gurae n t 

^ «-.-.-- .,^-—«.«, — ««-^^«w«—«^.. „,.-«---.— ««.-«.. 

I I AOC f dm 

c) Subtract a 6'-blt quantity from the d-fleld from the 
contents of the A register. The result remains In the A 
register. 

SBN - (Format = fd Op Code = OOlTd Size « 16 bit) 

flabel loperatlon I argument 

+«.--«—.- — ..-4.-. ^«-«-«+— .»-«-«— — ---« — -..^•-..^^ 

I I S8N i d 

a) Add a 12-blt quantity (short form) from (d) to the contents 
of the A register. The result remains In the A register. 

ADD - (Format - fd Op Code = 0031d Size = 16 bit) 

.^«-—.— --.—.+— — .-.««.««+«-.««—«««« — „ — . ...^ 

n a be I t ope ration I ar gume nt 

1 f ADD I d 
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86/10/17 
CYBER ISO I r Assembler ERS Revs F 

8*0 CYBER 1.80 ISSEHSLER SYMBOLIC IQU ' IMSTRUCTIONS 

8.5,4.2 AOO, AOOL, S80, SSOt - A00/SU8TRACT bfts by DIRECT mode 



b) Add a 16-bit quant! ty (long forrol from 14} to the cofitents 

of tbe A register • Tbe result remains In the A register* 

AOOL - (Format •= fd Op Code = 1031d Size = 16 bit I ■ 

+ «.••»» — -f. «.«-.«.«-4.--—---— -—-«—' — ««-.——« 

I I a be 1 I ope r a 1 1 on j ar game n t 

I I AOOL I d 



c) Subtract a 12-bit quantity (short form) found in Cdl frofii 
the contents of the A register. The result remains in the 
A register. 

S8D - (Format = fd Op Code - 0032d Size = 16 bit) 

+-«-.«-™— .+- — - — «««-^|.— .«— «^--— «— -- -• , — — . — - 
1 1 a be I I ope rati on f ar gumen t 

I IS80 Id 



d> Subtract a 16-bit quantity (long form) found In (d) from 
the contents of the A register* The result remains In the 
A register. 

S80L - (Format = fd Op Code = 1032d Size = 16 bit) 

4.™—. — -—+-«. — „««-, — 4.-.— «— -«-^ -— « ^^« 

1 1 a be I I opera t i on I ar gument 

I I SBOt I d 

8 .5.4.3 Aaix«A01LA-Saix^SEIL«r-AQ0£5yaia4CI-.liItS^h^-.iy OIEECI 

a) Add a 12-bit quantity (short form) from storage to the 

contents of the A register. The address for the operand is 
in (d). The result remains in the A register. 

ADI - (Format = fd Op Code = OOAld Size = 16 bit) 
1 label loperatlon [argument 

+«. ^ — --.4.-«.«-, — Jl. — «, — •« , — «-. ^ «-. 

I lAOI id 
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8*0 CYBEI? ISO ASSEMSLER SYMBOLIC lOU IMSTtyCTlOHS 

8.5,4,3 AOI, AOIL, S8l, S8IL - A00/SU8TI?ACT .bits by IMOIRECT 

bl Add a 16-bit quant !ty (long form! froKi storage to the 

contents of the A register. The address for the operand Is 
In Cd)» The result remains In the A register* 

AOIL " (Format = fd Op Code = 1041d Size - 16 bit I 

1 1 abe I I operat I on | ar guwent 

.^.— «.« — ---^- — «-.—-- — -^ — - — -«.««««• ««^ -« — ««^ 

I I AOIL Id 

c> Subtract a 12-btt quantity (short forfil found in storage 
frop the contents of the A register. The address for the 
operand Is found In (dl. The result remains In the A 
regl ster . 

SBI - (Format = f d Op Code = 0042d Size = 16 bit) 

I label loperation largument 

^. — «--«-. + ^— -.«.+^ -. .. ^ ^«: — 

f I SB I Id 

d> Subtract a 16-blt quantity (long form^ found In storage 

from the contents of the A register. The address for the 

operand Is found In (d|. The result remains In the A 
register. 

S8IL - (Format = fd Op Code = 1042d Size = 16 bit) 

llabel loperation larguruent 

4— — •«-.«-—+-.« ^-.«4.-«.««. — «, — ««««— »«^««««.«.- 

I IS8IL Id 
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86/10/17 

CYBER 180 II Assefubler ERS Rev: F 

8.0 CYBER 180 A. SSEH8L El? SYMBOLIC lOU II^STRilCTIOHS 

8. 5. 4,4 AOM, AOHL, SBM, S8HL - ABO/SUBTRACT bits by MEMORY modle 

8 • 5 . 4 • 4 40Mj.-il}IIL*.-.SiBA-SaM— z-.IQO/SOiIE4£I-l2ita-.l2^-.!l£iQSI«Mida 

a) Add a 12-bit quantity (short form) from storage to the 

contents of the' A register* The address for ttie operand is 
fornied by adding 12 bits of the m-fleld to 12 bits frons 
Cdl« The result remains in the A register* 

ADH - (Format = fdm Op Code = 0051dm Size * 32 bit) 

^. — , .-. — ^««^+-- ^,. — . — ^.^ -., «, , -. — --«««. — 

Mafoel loperation fargument 

+-. , — ^««4.,^ — . , — «-«+«, — ««, — . .-.. -.«-.• — ^-^ 

f lAOH ifli»d 

If d = Of the storage address Is the ffl-fle1d« 

bt Add a 16-bit quantity (long form) from storage to the 

contents of the A register. The address for the operand Is 

forfned by adding 12 bits of the m-field to 12 bits from 
(d). The resuTt remains in the A register. 

AOHL - (Format ~ fdm Op Code ■== lOSldm Size = 32 bit I 

I label loperation largument 

.4.--.-. — , — 4.^, — ^ — -.«-—-. — --. -«. — • 

I I AOHL |m,d 

c) Subtract a 12-bit quantity (short form) found in storage 
from the contents of the A register. The address of the 
operand is formed by adding 12-bits of the m-fleld to 
12-b its from (dl. The result remains In the A register. 

S8H - (Format = fdm Op Code * 0052dm Size = 32 bit) 

Mabel f ope r a 1 1 on I ar gume n t 

I IS8H |m,d 
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8*0 CYBER 180 ASSEHBLER SYHBOLIC lOU INSTRUCTIONS 

8.. 5. 4. 4 AOM, AOHL, SBH, SB Hi ~ AOO/SUBTRACT bits by MEMORY mode 

d> Sybtract a 16-bit quantity C lofif form) found In storage 

from the contents of the A register* The address of the 
operand Is formed by adding 12-blts of the »i-fteTd to 
IZ-blts from Cd>* The result remains In the A register* 

SBML - CForiiat ^ fdm Op Code - 1052dnu Size = 32 bit) 

I Tabe 1 ! operation far gufnent 

^^.^. — -, — «. — ^ — . , — -, — ^f.-- .«-^ . — . , , 

f rsSML lm,d 



8*5.5 LOGICAL INSTRUCTIONS 

These Instructions perform operations using the A register 
for one operand and the other operand specified by the 
Instruction* The result remains In the A register* 

8.5*5.1 L!§]^*^LH£^-.tEMx^Le£x-S£l^ — ^MQ^IIiaS£SS«.aad-.i;QMSIIIiI-!2QdfiS 

a) Performs the logical difference (EXCLUSIVE OR) function 

between the d~f I eld and the least significant 6 bits 
C58-63) of the A register* The rest of the A register Is 
unchanged* 

LHN - (Format = fd Op Code = OOlld Size = 16 bit) 

■ ^H--, — - — ---.4.-, --.«-+.«« «.•—.«««-. — ««-, — , — «« 

Mabel foperatlon f argument 

I ILHH Id 



b) Performs the logical difference (EXCLUSIVE OR) function on 
an IB-blt operand and the A register* The 13-blt operand 
Is formed with the d-fleld being the highest order 6 bits 
and the m-fleld being the lowest order 12 bits. 

LHC - (Format = fdm Op Code = 0023dm Size ~ 32 bit) 

.^ — —. — .^ — ^*, — -«-. — ^-.^-.^ «,« ^-.« — , — « 

I label loperation f argument 

4.^ ----.— 4., — , — « — « — 4. — 1™ «««««-. .«.^-, — »« — 

} I LHC I dm 



8-1? 
COC - AO¥AMCEO SYSTEMS 0EVELOPHEWT 

86/10/17 
CYBER 180 II Asseml>1er ERS i^evs F 

8*0 CYBER 180 ASSEHBLER SYMBOLIC lOU INSTRUCTIONS 

8.5.5*1 tnUf L«Cf LPN, LPC, SCU - NO ADORESS and CONSTANT modes 

c) Performs the logical product C LOGIC At AMD) fynct I on between 
the d-f!eld and the feast si gnl ft cant 6 bits C 5 8-63) of the 

A register. The rest of the A register Is cleared. 

LPH - C Format = fd Op Code = 001 2d Size = 16 bit) 

Mabel I o pe r a 1 1 on far fune n t 

^— -«-^- — ,^^ — -«--«««. 4.-, — —«——--«*«-«-- — -«- 

I fLPM fd 

d) Per for lis the logical product {LOGICAL AMOI function between 
an 18-blt operand and the A register. The IB-bit operand 
Is formed with the d-fleld being the highest order 6 bits 
and the m~fleld being is the lowest order 12 bits. 

LPC - (Format = fdni Op Code = QQZ24m Size = 32 bit I 

^* «, — — ^.. — -«. — ^. j^.. , — ^ — . — -, . -««-.- 

I label foperatton I argument 

1 ILPC I dm 



e) Performs a selective clear function on the 

least s! gin If! cant 6 bits (58-631 of the A register where 
corresponding bits of the d-field are set to on^ C!e« 
clears bits 58-63 of A If the corresponding bit in the 
d-fleld Is set to one). The rest of the A register Is 
unchanged. 

SCN - {Format = fd Op Code = 0013d Size = 16 bit) 

^— ^-. 4.. — »-.. ^4.^^^. — —.-««-- — ^^ — -^ 

f label foperatlon f argument 

^-- — «- — , — +« — -« — - — -§.««,—«« — ««-«« — . — « — « — «-. 

I I SCN I d 
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CYBER 180 II Assembler ERS Revs F 

8.0 CYBER 180 ASSiHBLER SYMBOLIC lOU INSTRUCTIONS 
8,5.5»2 LHOf LHOLf LPOt - Instry-ct loris ysin<| OIRECT mode 

8.5,5.2 LeQx-.LMIILx JLE2L-.r-.iQSti:iictiQas-iisiag-.0IS£i;L-.!SQ^^ 

a} Performs tlie loglcaT difference CEXCIOSIVE OR) with 12-bit 
qyantfty (short form) from (d) and the A register. The 

highest order 6 bits of the A register are unchanged. 

LMO - (Format ~ fd Op Code ■= 00,33d Size == 16 bit) 

^---, --.^•™..«, — —^— ««««-., — «-««—--««„«-«— 

nabe! loperation fargument 

^*«-, — -. -.^, . — «--..4.^— «. -, — -., -, — «-. 

f ItMO Id 

b) Performs the logical difference (EXCLUSIVE OR) with 16-btt 
quantity (long form) froni Cdl and the A register. Bits 
46~4? of the A register are ync hanged* 

tHOL - (Format - fd Op Code = 1033d Size = 16 bit) 

^-« — . — --««+•- — ««-, — «4— »««—«•«. — — «•- . — « — -.«« 
1 1 abe I I opera 1 1 on | argument 

I ILHOL fd 

c) Performs the logical product ftOGICAL AMD) function with 
16-blt quantity (long form) from id) and the A register. 

Bits 46-47 of the A register are cleared by this operation. 

LPOt - (Format - fd Op Code = 1022d Size = 16 bit) 

+ — , ««^—». «.«— -^•«. — . •-- .-« -«---.«, — - 

I label loperatlon largument 

I iLPOt Id 



8-19 
COC - AOVANCEO SYSTEMS OEVELOPHEWT 
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CYBER 180 II Assembler ERS Revi f 

B»0 CYBER 180 ASSEMBLER SYMBOLIC lOU INSTiUCTIONS 

8.5.5*3 LNI, LHIL, LPIL - Instructions usli^g INOIiECT mode 

8.5.5.3 LBIx-LilL j.^LeiL^r.IiiiHiyctiaas-.usiiaa~iMaifi££I-.iiQd£ 

a) Performs the logical difference (EXCLUSIVE ORI function- on 

12-b!t quantity (short forml from storage and the A 
register. The address f or ■ the operand Is In Cd). The rest 
of the A register Is unchanged. 

LMI - (Format = fd Qp Code = 0043d Size = 16 bit) 

M a be I I oper at i on I ar gument 
f JLHI Id 

b) Performs the logical difference (EXCLUSIVE Of?) function on 
16-blt quantity (long form! from storage and the A 
register. The address of the operand Is In (d). Bits 
46-47 of the A register are unchanged. 

LHIL - (Format = fd Op Code = 1043d Size = 16 bit) 

.^» , -.«^... -« 4. — — -«.. -•««•. --.«^ 

1 1 a be I I ope rati on I ar gume n t 

+, — — . — - — ^+«««.. , — .4.^^^, „. — ««.«.-. — . — .-^ — — 

I ILMIL Id 



c) Performs the logical product (LOGICAL AHO) function on a 
16-blt quantity (long form) from storage and the A 
register* The address of the operand Is In (d)» Sits 
46-47 of the A register are cleared by this operation. 

LPIL - (Format = fd Op Code = 1023d Size = 16 bit) 

^« — -^ . +-- ^ — —-4. , — •- .- ^. «--«« 

I label loperation largument 

I ILPIL Id 
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CYBER 180 II Assembler ERS Revs F 

8.0 CYBER 180 ASSEMBLER SYHBOtIC lOU IHSTRyCTIOMS 
8,5,5,4 LHH, L«Mt, LPML ' - Instructions tistng MEMORY mode 

al Performs the logical difference CEKCLtlSfyE OR) function on 
a 12-bft quantity I short form) from storage and the A 

re-gister* The address for the operand is formed by adding 
the ^-fiald to 12 bits of (d)* The rest of the A register 
remains unchanged. 

Um - C Format = fdm Op Code ~ 0053dm Size = 32 bit) 

I label I operation farfument 

.^f.«, . — «., — -+.«—--... — •. — .|.«.. .... — . — ... , — ...... 

I fLHH |ii,d 

If d = Of then the ro-field is the address for the operandm 

b) Performs the logical difference (EXCLUSIVE ORJ function on 
a 16-bit quantity (long form) from storage and the k 
register. The address for the operand Is formed by adding 
the m-fleld to 12 bits of (d). Bits 46-4? of the k 
register remain unchanged. 

LHHL - (Format = fdm Op Code = 1053dm Size =32 bit) 

f label toperatlon I argument 

^■. — ...... — ..4. — ... ...+ — .. — .. ... ..... 

I ILMML |m,d 

If d = Of then the m-fleld is the address for the operand. 
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86/10/17 

CYBER 180 II Assembler ERS Rev: E 

e.O CYBER 180 ASSEHSiER SYHBOtIC 100 INSTRUCTIQMS 
8»5,5..4 LMHf. LHMt, LPML - Instructions usfng HEHORY mode 

cl Performs the logical product fLOGICAL AHO) fynctlon on a 

16-blt quantity {long form^ from storage and the A 
register* The address f or ■ the operand Is formed by adding 
the ffi-field to 12 bits of the Id). Sits 46-47 of the l- 
register are cleared by this operation. 

LPMt - (Format - fdm Op Code = 1024df« Size = 32 bit I 

I I a be ! I oper a 1 1 on f a r gument 

I iLPHt |fn»d 

If d = Of then the m-fleld Is the address for the operand. 
« . * • . • . 

8.5.6 REPLACE INSTRUCTIONS 

The replace Instructions are similar to the arithmetic 
instructions In that they both use the A register as one 
operand and the Instruction specifies the other. The 
difference Is that both the A register and the contents of the 
location of the other opBrand are replaced with the result. 

If the Instruction Is the short (ie. 12-blt operandi then 
the value retvirned to storage Is the 12 lowest ordered bits of 
the A register with 4 higher ordered zero bits added. If the 
Instruction Is the long form Cle. 16-bit operandi then the 16 
lowest ordered bits of the A register are returned to storage. 
Therefore* the A register and the value replaced In storage 
are not necessarily egual. 

All ar I thmetlc Is done In 18-bit ones complement roode* 

B . 5 . 6 . 1 gi0x-ai0L-.r-E£ELl££-lL£HL.Usiaij«QIS££I-2JQdfi 

a I Add a 12-blt quantity (short formi from id) to the A 
register. 

RAO - (Format ~ fd Op Code = 0035d Size = 16 bit) 

.4. — —-.«««— +-^-.«««---««|. -«-«--— - — « — . — -«--«, — «.« 
I label I oper at ion I argument 

I IRAD Id 
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CY8ER 180 11 Assembler ERS Rev5 F 

8.0 CYBER 180 ASSEHBLEt SYMBOLIC 100 II^STRUCTIONS 

8.5. 6.1 RAOf RAOL'- REPLACE AOO using DIRECT mode 

b) Add a 16-'b!t quantity (long forml from id} to the A 
reg! ster* 

RAOL - C Format = fd Op Code = 1035d Size = 16 foit^ 

f ! a be I I ope rati on f bt gymen t 

I IRADL Id 

8.5.6.2 4QQA-IQ0Lx-.Saax-SQaL^r:^S££LA££-iQQ£SySIti£I«CIM£-ilsiag«2IE££I 

a> Enter 1 Into the A register then add the 12-foit quantity 

C short formj from Id) to the A register. 

AOO - C Format ~ fd Op Code = 0036d Size = 16 bit) 

,4.«, --— ^«-«-«-«««-^«.— . ^— ^ — «., , -. — 

I label loperatlon largument 

I I AOO I d 

b) Enter 1 Into the A register then add the 16- bit quantity 
(long form) from (d) to the A register. 

AOOL - (Format = fd Op Code = 1036d Size = 16 bit) 

I label loperatlon fargument 

.^.«««-^ — «-«^+- -.«.-«-«. — -4.— •«.« «-«.-^-. ««.««« 

I I AOOL f d 



c) Enter negative 1 Into the A register the add the 12 bit 
quantity 

(short form) from (d) to the A register. 

SOO - (Format = fd Op Code = 0037d Size * 16 bit) 

Mabel loperatlon I argument 

+- ->- -.—«- 4- -.-««-—— -«--, , — 

I I SOO I d 
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8.0 CYBER 180 ASSEMStEl? SYHMLIC lOtJ imiRUCTlOnS 

8,5.6.2 AOO, AQOt, SOO, SOOl. ' REPLACE ADO/SyBTRACT ONE using DIRECT 

d> Decrease the content of (d> by 1 then use 16-t>!t quantity 
Hong for ml froii id) to add to the A register. 

SOOL - CEornat - fcf Op Code = 1037d Size = 16 blt> 

I 1 abe I I oper a t i on tar gume n t 

^ — -.«-—.- — +. — ^.^^. — -»-+—-.———-.■ — -.. — -.«-«--«««« 

I I SOOL Id 

a) Add a 12-bIt quantity (short forml from storage to the A 
register. The address for the operand Is found in {dim 

RAl - CFormat = fd Op Code - 0045d Size = 16 bitl 

I I a be I I ope r a t i on lar guinen t 

f IRAI fd 

b) Md a 16-bit quantity (long form) from storage to the A 
register* This result remains in A and the 16 lowest 
ordered bits are returned to storage Thereforet the A 
register and the value returned to storage are not 
necessarily equal. The address for the operand is found In 
Cd). 

RAIL - (Format = fd Op Code ^ 1045d Size = 16 bit) 

f label loperation f argument 

I IRAIL fd 

8.5.6.4 ^flIx-.40ILx-SQl ju^SQIL«r-.S£ELA££-lDQZSyiISiC:i-y sii34l~iliiQii£CI 

a) Enter 1 Into the A register then add the 12-blt quantity 
(short form) 

of the operand in storage. The address for the operand is 

found in (d). 

AOI - (Format = fd Op Code = 0046d Size = 16 bit) 
f label foperatlon fargument 
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8.D CYBER 180 ASSEMBLEt SYHBOtIC lOli INSTRUCTIOMS 

8»5.6.4 AOI, AOIL, SOI, SOIL - REPLACE ADO/SUBTf?ACT ysln§ INDIRECT 

f r Aoi I d 

b) Enter 1 lfi:to the A register then add the IS-blt quantity 
(long form! 

of the operand in storage* The address for the operand Is 
foynd In (d). 

AOIL - (Format = fd Op Code ■= 1046d Size = 16 hit) 

1 1 a be I f oper a t i on f ar guroent 
I lAOIL Id 

c) Enter negative 1 Into the A register then add the 12-bit 
quantity 

(short form) of the operand in storage. The address for 
the operand is found In (d>. 

SOI - (Format = fd Op ■ Code = O047d Size = 16 bit) 

t label loperation I argument 

I I SOI Id 

dl Enter negative 1 into the A register then add the 16-blt 
quantity 

of the operand In storage* The address for the operand Is 

found In (d) • 

SOIL - (Format = fd Op Code = 1047d Size = 16 bit) 

4.— —. — «- — 4.: — «- . ^^-. — ««. — — -.^^ « «« — -«« 

! Label loperation fargument 

I I SOIL fd 



8-25 

coc - kmrncEO systems oevelopmemt 

86/10/17 
CT8ER 180 II Assembler ERS Revs F 

8.0 CYBER 180 ASSEHBLER SYHSOLIC lOU WSTRyCTIOMS 
8.5,6.5 RMt RAMt - REPLACE AOO using HEHORY mode 

8.5.6.5 gieiL^Si!!L-r^£££Ll££^iai^iisia§^ll£BitI.iBQda 

a) Add a 12-b!t quantity (short form) from storage to the A 
register. The address for the operand Is found by adding 

the iis-fleTd to the content of Cdl* 

RAM - (Format ■« fdm Op Code = 0055dfw Size = 32 bit) 
Mabel loperation largument 

^mt--mtmmmt mmwrn^m^t^ ■m^'^^wm .■tm'mm:i^mm 4tm-i^ -^-imi^m^i^ trn'^mmmm-mm'^-i^'tm :am-m>-mm tm-^twm.mt-t»-^mm mum am im mm iim 

I I RAM |m,d 

If d = Of then the operand address Is the m-flefd. 

b) Add a 16-blt quantity (long forml from storage to the A 
register. The address for the operand is found by adding 
the m-fleVd to the content of (d). 

RAML - (For mat = fdm Op Code = 1055dm Size = 32 bit) 

-!.«-«. — «. — , — 4. -« «.|.«-«« «.-, — «««««. , — ^«-. 

I I a be I I ope ration \ at gume n t 

^ «-. — 4— «- ^^.^^^. — -«««-««. — ^^ , — «— «^^« 

I IRAHL lUfd 

If d = Of then the operand address Is the in-fleld* 

8.5.6.6 iQMx-iQHLjL-SQBA^SQHL«r«R£ELl££^4Qa£SyaiR4CI.QM£-.MSiEg^£HQEI-.lBQdfi <^ 

a) Enter 1 Into the A register the add the 12-blt quantity 
(short form) 

of the operand from storage. The address for the operand 

Is found by adding the m-fleld to the content of (d). 

AOH - (Format = fdm Op Code - 0056dm Size - 32 bit) 

^— .—.««««•« 4.«^—«-.--.«-^-««».-« -, — « . 

{label loperation largument 

^K— -. — «««-«+-. — «, — — -- .+— -«™—. . «.-«-« — « 

f lAOH |m,d 

If d = Ot then the operand address Is the m-fleid. 
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8.0 CYBER 180 ASSEHBLER SYMBOLIC lOU INSTRICTIONS 

a,5,6.6 aOM., AOHL, SON, SOHL - REPLACE AOO/SySTRACT OME yslng HEMORY mode 

b} Enter 1 into the A register then add the 16-bit quantity 
(long foriB> 

of the operand from storage* The ad-dress for the operand 
is foynd by adding the m-fleld to the contents of CdK 

AOHL - CForfpat = fdw Op Code = lOSSdw Size = 32 bit) 



^, — ««, — -», — ^^, — ««•.««, — ,^— .— «. — . — «. — «, — , -««« 

t label f operation fargytnent 

I I40HL tnifd 

If d = Of then the operand address Is the m-ffeld* 

c} Enter negative 1 into the A register then add the 12-foit 

quantity 

(short forml of the operand form storage. The address for 
the operand is found by adding the m-fleld to the content 
of (d). 

SOM - (Format = fdm Op Code = 0057dm Size = 32 bit) 

+««-«. — ——4.--, — -4., — : — . -«. — -. — . — . . 

f label foperatlon Jarguwent 

I ISOM ffii,d 

If d = Of then the operand address Is the ro-field. 

d> Enter negative 1 Into the A register then add the 16-blt 

quantity 

(long form! of the operand form storage. The address for 
the operand is found by adding the nfi-fleld to the content 
of (d). 

SOHL ~ (Format = fdm Op Code = 1057dm Size = 32 bit) 

I label loperation I argument 
I fSOHL Imfd 

If d - Of then the operand address is the m-fleld. 
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8.0 CYBER ISO ASSEHBIER SYMBOLIC lOU IMSTRUCTIONS 
8.5,? CENTRAL MEMORY ACCESS INSTRUCTIONS 



8.5,T CENTRAL HEHOtY ACCESS IHSTRUCTIOHS 

The central memeory access instructions provide a iieans for 
reading and writing central memory to and from lOU mefriory. 
The IQii has read access to all of centra! newory byt write and 

excharj-ge accesses are monitored by ■ the OS Bounds Register* 
Central memory addressing- uses real addresses rather than 
virtual addresses and these -are formed from the contents of 

the A-register and the Reregister* 

The two types of addressing for these Instructions are 
absolute and relocation* The type of addressing desired Is 
detarialned by bit 46 of the A register. In all the central 
memory acess instructions Cf?) ^ CA) will »e an the following: 

If bit 46 of the A register Is zerOf the absolute central 

Rieroory address Is specified by bits 47-63 of the A register* 

If bit 46 of the A register Is one* meaning relocation is 
deslredf 6 zeros are concatenated to the rightmost end of 
the contents of the K register and this Is added to bits 
47-63 of (A) forming an absolute central memory address* 

The OS Sounds Register divides central ifiemory Into two 
regions for dual-state* For write and eKchanqe accessest a 
bit In the OS Bounds Register for each PP Indicates which 
region the PP has access toJ 

A set bit indicates the lower region: 
PP Cf^ address < OS boundary* 

A cleared bit indicates the upper regiont 
OS boundary < PP CH address* 

Address verification for CH accesses occurs on the 
following lOU Instructions^ 

0026 EXCHANGE JUMP 

0062 CENTRAL WRITE 

1062 CENTRAL WRITE 

0063 CENTRAL WRITE 

1063 CENTRAL WRITE 

1000 CENTRAL READ ANO SET LOCK 

1001 CENTRAL READ AND CLEAR LOCK 
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8.0 CYBER 180 ASSEMBLER SYMBOLIC lOtI INSTRUCTIONS 

8.5 .T.! LROf SROf - LOAO/STORE R Register In IQU Hemory 

a) Loads 22~b!t (R) register from (d| and CdV*l« Bits 46-57 
of R are loaded from bits 52-6.3 of Cdl+1 and bits 52-63 of 
R are loaded from bits 54-63 of Cd), 

LRO - C Format = fd Op Code = 0024d Size = 16 bit) 

I label loperation fargument 
I ILRO Id 

If d = 0, theri tbe Instruct ion Is a pass* 

b) Stores the content of the 22-bit R register Into Cd) and 
Cd)"i-1« Bits 46-57 of the R regl ster are stored In Cdl*l 
and bits 36-45 of R are stored In <d). The remaining bits 
in Cd) and Cd)*! are cleared. 

SRO - (Format - fd Op Code = 0025 d Size =16 bit)- 

+ -< .- +-. —4.- — . — ,.— , — . — — . , — « 

I label loperation f argument 

I tSRO Id 

If d = Of then the instryctlon Is a pass. 
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a.O CYSER 180 ASSEMBLER SYHBOLIC lOU IMSTRUCTIOMS 

8,5. 7. 2 CRO, CROL, CMO, CMDL « RO/WR CPU Hemory, DIRECT mode 

Nhen reading or writing a CM ^fieniory word to or from lOU 

fflemorVf two different packing/unpacking schemes are used 
depending on I f the Instruction specifies the long 164 bftJ or 
short (60 btt> form* 

P-kCKin^/UnP-kCKlHG for short instructions (60 bit value I 

Central Memory Word 

1 2 4 5 6 

4 6 8 2 3 

H4I f a(12> I b<12> I c<12> I d(12) f eC12r I 



PP HEHOi?Y WORDS 

4 5 6 

8 2 3 

.^^ ^: — -I-— — -— . — ^ 

d I 0(4) I a(12) I 

.^, «-^-— «--—•— -««-i. 

d^-1 f 0(41 I b(12l I 

d+2 I 0<4) I c(12) f 

d^-3 I 0(4) f dC12) f 

d^-4 I 0(4) } e(12) I 

+ — . ^-«— — — -«« + 
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8.0 CYBER leo ASSEMBLER SYMSOtIC lOU If^STRUCTIOHS 

8.5. 7,2 CRO, CR.OL, CWO, CWOL - R:0/WR CPU Hemory, DIRECT mode 

PACK IMG/UNPACK INS for long Inst ructions (64 bit valiie) 

Centra! Heifiory Word 

1 3 4 6 

6 2 8 3 

4., — — «.«. -^ ^— . — „-«--, — -««.^.^, — . — -, — • »«.^-«-«— «-. — ^-, — ^+ 

f aC16) r b(16) I CC16I I dC16l I 



PP Heiiory Nords 

4 6 

8 3 

4.-. «*-, — «, «-«-4. 

d f a(16) I 

4.: «-«««—.— — «««-«, — -4. 

d+l I bC16) I 

d+2 f c(16) I 

d<^3 ! dU6) I 

4.. «-«-««• — «^-«««^««-4. 



a I Reads one central memory word (60 bit wordJ» 4-63 1 to 

bits 52-63 of five consecutive lOU memory words. Tbe 
address for tbe CM word Is specified by <R) 4- CAK The 
address for the first lOU memory word Is specified by d. 

CRO - (Format - fd Op Code - 0060d Size = 16 bit) 

I label f operation I argument 

4.-, — -- — 4.-.- — -«. — --4.. — - — «« — - — «^- -« 

I ICRO Id 
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8,0 CYBER 180 ASSEHBLER SYH80LIC lOU INSTRyCTIO:MS 

8.5.7.2 CRO, CROlf CMO, CWDL - RO/WR CPU Heraory, DIRECT mode 



b) Reads one centra} memory word (64 bit wordi to four 

consecytive toy mauiory words. The address for the CH word 
is specified by iR} ^ (A). The address for the first lOU 
memory word Is specified by d. 

CRDL - (Format = fd Op Code = 1060d Size =16 bit) 



I labe ! 

-I----— — 

I 



.+ — «•. , ^. — «-. — --, 

I opera 1 1 on J ar gyment 



CROL 



Id 



c) Transfers the 12 lowest ordered bits from five consecutive 
lOtl memory words to bits 4-63 of a central memory word (60 
bit word). Bits 0-3 are c^earedm The address for the CN 
word Is specified by (R) ■»- (A) and Is verified against the 
OS Bounds Register. The address for the first I OU memory 
word is specified by d* 

cm - (Format = fd Op Code = 0062d Size = 16 bit) 

Mabel foperation fargument 

^, — ^ -^— , . ^ — ^ — . — ^ — . «. — . — — . — •-«--. — 

I ICWO fd 



d) Transfers the 12 lowest ordered bits from four consecutive 
lOU memory words to one central memory word (64 bit word). 
The address for the CH word is specified by (R) «- CA) and 
Is verified against the OS Bounds Register. The address 
for the first lOU memory word is specified by d. 

CWOL - (Format = fd Op Code = 1062d Size = 16 bit) 



■4— - — -■ 

I label 

+• 

I 



I operation I argument 



fCWOL Id 



After the following instructions are completed A will 
contain the non-relocated portion of the CH address plus one 
last memory word transferred. Note that If the value 
47-63 of A exceeds (2**17)-1, then bit 46 will be 
and the addressing mode will change from direct 
to relocation addressing mode* Note also that if 



of the 
of bits 
toggled 
addressi ng 
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8.0 CYBER 180 ASSEMStER SYMBOLIC iOU INSTRUCTIONS 
8.5.7.3 CRH, CRHt, CWH« CI^HL - REAO/WRITE CM Blocks 

the last CH word transferred^ has a relative address of 
377776(8) and relocation Is ffi affect* the A register will be 
cleared and the value in k may not point to the last word 
transferred plus one. 

al Transfers bit 4-63 of consecutive central memory words 

(ie« 60 bit words I to consecutive 1 01) memory words. The 
address of the first CH word is specified by IR) "»■ ik)$ the 
address of the first lOll memory word Is specified by m and 
the number of CM words transferred Is specified by Cdl. 

CRM - C Format = fdfti Op Code = O06idm Size = 32 bit) 

+«. . . — +--- — — — — + — — — «—-««.- — ^«— «« — ^« 

I label loperation fargument 

.+«««-^ = — 4.--.-™,-.— «.4.— — «. — -.«-, — ««., — -.^--.«-,— .- 

I fCRH fm,d 

b) Transfers consecutive central memory words C64 bit words I 
to consecutive lOU memory words. The address of the first 
CM word Is specified by (R) + (Alf the address of the first 
lOU ruemory word Is specified by m and the number of CH 
words transferred Is given by CdK 

CRHL - (Format = fdm Op Code = 1061dm Size ~ 32 bit) 

1 label loperation I argument 
I I CRHL N,d 

c) Transfers bits 52-63 of consecutive lOtI memory words to 
bits 4-63 of consecutive central memory words (60 bit 
words). Bits 0-3 are cleared. The address for the first 
lOU memory word is specified by mt the address for the 
first CM word Is specified by (R) * (A) and is verified 
against the OS Sounds Register. The number of CH words 
transferred Is given by (d). 

CWH - (Format - fdm Op Code = 0063dm Size = 32 bit) 

+- -«- « — 4.-^ — -.«--««. .4^, «-.«--. — «— -, — «^-. 

Mabel loperation largument 

4--«-— -«-- .4.- «— -.«—«^+— « — — «- , «-^«» • 

I ICWH Im.d 
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8.0 CYBER 180 ASSEMBLER SYMBOLIC lOU IWSTRUCTIONS 

8.5.7.3 CRH, CRML, CMH, CWML - READ/W«ITE CM Blocks' 



d) Transfers cofisecutive lOU words to consecutive certtral 

memory words <64 bit words). The address for the first lOU 

word IS- specified by Wf the address for the first CM word 
Is specified by (R) + CAJ and Is verified against the . OS 

Soynds Register. The nyiiber of CM words transferred is 
specified by <d)« 

CWHL - (Format = fdn Op Code ^ 1063dni Size = 32 bit) 

flabet foperation largument 

^^-«— , — «, — ^-4—. . . — -^-. — «. -. . — ——, , — « 

I I CWHL tm,d 



8.5.7.4 gOSLx«SO£L-r-.S£li3-.£e^aiid-.5£I-Q£^C:L£M^LQ£E 

A serialization function Is performed at the beginning and 
the end of these Instructions. Execution Is delayed until all 

accesses to central memory by the lOu are completedt no other 
accesses are permitted frow the beginning of the read until 
the end of the write and no execution from other Instructions 
are allowed until all accesses to and from CH from this 
instruction are completed. 

a) The LOGICAL OR function Is performed between four 

consecutive lOU memory words and one central memory word 
(64 bit word). The result Is replaced in the CH word while 
the original contents of the CM word are replaced In the 
four lOU words. The address of the first lOU word Is 
specified by d» the address for the CM word Is specified by 
(R) + (A) and Is verified against the OS Sounds Register. 

ROSL - (Format = fd Op Code = lOOOd Size = 16 bit) 

jlabel Joperatlon f argument 
I I ROSL fd 
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8*0 CYBER 180 ASSEH8LER SYH80LIC lOU INSTRyCTIONS 
8. 5. 7,4 ^OSL, RDCL - READ CM and SET or CLEAR LOCK 



b) The LOGICAL AND function Is performed betv^reen four 

consecutive lOU meiBory %^ords and one central memory word 

(64 bit it^ordV, The result Is replaced In the CH word while 
the original contents of the CH word are replaced In the 
four lOU words. The address for the first lOU word Is 

specified bydt the address for the CN word is specified by 

CR) + fA) and Is verified against the OS Bounds Register.. 

ROCL - (Format = fd Op Code = lOOld Size = 16 bit) 

I label loperatlon I argument 

I IROCL Id 

* • • • • • • 

8.5.8 rNPUT/OUTPUT INSTRUCTIONS 

There are 26 Instructions to control activity on I/O 
channels. These Instructions select an external devlcet 

determine If the device Is available and ready to transfer 

data and then transfers data to or from the device. 

Each PP has a set of external function codes that 
establishes the mode of operation and also starts and stops 
data transfer. The devices are also capable of detecting 
certain errors and they report these to the controlling PPm 

8.5.8.1 4 Je4L-SC£A-.£S JH*-IJ1jl^E£JHa«E JMa-E JMx-S£H^_£Ei*-.£££ 

The following Instructions are conditional branch 
Instruct lonsf each of which tests for a condition on channel 
c. When the condition Is true the branch to address m occurs 
and when the condition is false execution continues with the 
following Instruction. The c expression Is required. 

a) Branch to the location specified by m if channel c Is 
active. 

AvIM - {format - fscm Op Code = 00640cm Size = 32 bit) 

+—- — +• — ««— .: — +-—-—.«-«« — •«-—.-«——- 

I label loperatlon I argument 

4.. — «-^-«— «-!.-.: — ««, .«4. — «-. — ..•«.- ^, — -»• — «..«..«--- 

I lAJH |m,c 
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8.0 CYBER 180 ASSEHSLER SYMBOLIC lOtT I INSTRUCT I QMS 

8.5.8.1 hjn^ SCE, FSJH, IJM, FCJM, FJH, EJH, SFM, CFM, CCF 

■b) Branch to- location specified by m If the channer c flag is 

setf otherwise set chau^^el flag and exit. One may 
unconditionally set the channel flag by setting m to P-^Z* 

SCF - CF or mat = fscm Op Code « 00641cf!! Size - 32 bit) 



1 1 abe I I oper at i on \ ar gumen t 

^-™. ^««-.-«-= — — ^— «-.«^ — -, 

I fSCF fiKfC 



c) Branch to the location specified by pi if the flag for 

channel ' c Is set. 

FSJM - CFormat = fscro Op Code = 1064)Ccii Size = 32 bit) 

I label loperation I argument 
I iFSJH fiUtC 



d) Branch to the location specified by m If channel c Is 
Inactive. 

IJH ■" {Format = fscm Op Code ~ 00650cfn Size ■= 32 bit I 

+ ' —.+--•-- — • --HI- — — - — — -«-- — ---^ — — «--, 

Mabel loperation I argument 
I HJn |m,c 



e) Branch to the location specified by in If the flag for 
channel c Is clear. 

FCJH - CFormat - fscm Dp Code - 1065Xctfi Size ~ 32 bit) 

Mabel loperation largument 

^h— —-.-.- .4.— — «—-«-4— -««-««-«- — . — «-., — . — .---- 

I IFCJH |isi,c 



8-36 

COC - m¥kHCEB SYSTEHS OEVEtOPHEMT 

86/10/17 

CYBER 180 II Assefubler ERS RevJ F 

8,0 CYBER 180 ASSEMBLER SYMBOLIC 100 INSTRUCTIONS 

a.5.8.1 AJM, SCF. FSJM, IJH, FCM9 EJH, EJM, SFH, CFH, CCF 

f) Branch to the locatiorj specified by m If cfiarifie 1c Is 
full, 

fJH - C Format -= fscm Op Code == 00660c!U Size ~ 32 bit) 

^^^, , — +««, — - — «. +--, • — , — . , — ^-— . — 

I label loperatlon fargyment 

.4.- — .«— «— ^«— — , — •»^^— , « — «««•«, ^--. — 

f IFJH Im,c 

q) Branch to the location specified by m If channel c Is 

empty. 

i.M - (Format ~ fscm Op Code = 00670cm Size - 32 bfti 



4.. : -.-..4., -.^-, ««.|— « -.-. , 

Habel foperatlon largtiment 
I lEJH inifC 



h) Branch to the location specified by m If the channel c 
error flag Is sett and then clear error flag. 

SFM - (Format = fscm Op Code - 00661cm Size = 32 blt> 

Mabel {operation I argument 
I ISFH fm,c 



I) Branch to the location specified by m if the channel c 
error flag is cleart and then clear error flag. 

CFH - (Format = fscm Op Code = 00671cm Size = 32 bltl 

1 1 abe I I opera 1 1 on J ar gumen t 
t ICFH |m,c 
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8.0 CYBER 180 ASSEHStER SYH80LIC lOU INSTRUCT I OMS 

8.5.8.1 Unt SCF, FSJH, IJH, FCJH, FJM, EJM, SFH, CFH, CCF 

j> Clear the flag on- the channel specified by c. The m-fleld 
Is required but not used* 

CCF - (Format - fscm Op Code = 00651cm Size = 32 bit) 

I label foperatlon I argument 
f fCCF ifflfC 

8 . 5.8. 2 IAt^i^QM«i:--4.-.S£Lgislfi.L-i/Q-.IastLyi:l:iaQS 

a) Transfers a word from channel c to bits 48-63 of register 
A. Bits 46-4? are cleared. The instruction waits for the 
channel to become active and full before executing* 

IAN - f Format = fsc Op Code = 00700c Size = 16 bit) 



■^^. , — , -+--, — «. — -. — ^— •-= — «-, 

! label foperatlon j argument 

+— .— , — « — -..4.-—. — «-.—.« 4. -.««.-.. «..^, 

f \IAH \c 



b} Transfers a word from channel c to bits 48-63 of register 
A* aits 46-4? are cleared. If the channel Is inactive or 
becofiies Inactive before becoming fullt no transfer takes 
pTace and the Instruction exits with <A> = 0* 

TAM - (Format = fsc Op Code •= OOTOlc Size = 16 bit) 

.4.«-. — «, ^-. — , — --««^.+«^= — ^«^, — «. — .^«— .««-.-«.— «. 

I label foperatlon fargyment 

^-.-— — ^ ^«-. — -— « — ^•-«.-.. — •-.« — « — « — ««^«««.. 

I MAN |40C8)+c 



Note, on these two Instructions If a 12-blt external 
interface Is usedt bits 48-63 of A are zero* If an 8-blt 
Interface Is used, bits 46-55 of A will be zero* 
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a.O CY8ER 180 kSSEHBLER SYHSOtIC lOU INSTRUCTIONS 
8.5.8.2 lANf GkU - A Register I/O- Instructions 

c) Transfers bits 48-63 of CA) to channel c. The Instruction 
waits for the channel to beconfie active and erapty before 
executing. The content of A Is unchanged* 

0AM - CFormat = fsc Op Code == 00720c SIxe = 16 bitl 
1 1 abe I I opera 1 1 on I ar gument 

I IQm ic 

d) Transfers bits 48-63 of (A) to channel c. If the channel 
Is Inactlvef than no transfer takes place and the 
Instruction exits. The content of A is unchanged. 

OAN - (Format - fsc Op Code = 00721c Size = 16 bit) 

4-«. — ^--., — -.4..— ^4^., — « — -.««— «««^«-«^.^ • 

1 1 abe I I operat I on I ar gument 

I rO^N |40C8)^c 

Motet on these two Instructions If a 12-blt external 
Interface Is used on the channel* bits 48-51 of the channel 
word are not transmitted and are lost. If an 8-blt 
interface Is used» then bits 48-55 of the channel word are 
not transmitted and are lost. 

8.5.8.3 IiBj.-lAEBx-.QlMx--QAEe^r-.aLQ£K-.lZQ-IflstoictiQIis 

a) Transfers successive words from channel c to consecutive 
lOU memory words. The address of the first lOtI memory word 
Is specified by m and the number of words transferred Is 
specified by CA). Termination can occur one of two ways: 

- (A) = or 

- channel becomes Inactive; If this Is the cause for 
termination* the next lOU word Is cleared and (A) will 
contain the difference of the initial value and the 
number of words transferred. 

If the channel is Initially Inactive when the Instruction 
Is executedf no transfer takes place* (A) remains unchanged 
and the IQU word specified by m Is set to zero. 

I AM - (Format = fscm Op Code = 00710cm Size = 32 bit) 
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8.0 CY8ER 100 ASSEMBLE!? SYHBOLIC lOU INSTRUCTIOHS 
8.5. S. 3 lAM, lAPH, OAH, OAPM - BLOCK I/O Instructions 

t I a fee I f ope r a 1 1 on I a r § ym e n t 

I flAW ff?l,C 

Mote» with a 12-bit external Interface* bits 48-51 of lOU 
roemory will be zero; With an 8-bit Interface* bits 48-55 of 

100 roeFnory w\ 1 1 be zero. 
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8.5.8:.3 lAH, iaP«, OAN, OAPH ^ SLOCK I/O Instructions 

b> Trarssfers felts 52-63 of successive vrfords frofl» channel c to 
consecutive lOU memory words* During this transfer t 4 
channel words (48 bitsi are packed Into 3 lOU me«iory words. 
(See below«) Bits 48-51 of the channel word Is Ignored* 
The address of the first lOU meifiory word Is specified by m 
and the number of channel words Is specified by ikl* 
Termination can occur one of two ways? 

- {A} = -01 If the number of channel words transferred Is 
not a multiple of 4f then the last IQU word will be zero 
filled; 

channel becomes Inactive! lOli words will be zero 
filled to the next four channel word boundary* 

If the channel Is Initially Inactive when the Instruction 
Is executed* no transfer takes placet (Al remains unchanged 

and the lOU memory words mt m-*-! p m-^Z are set to 0» 

Channel Words 

4 5 6 

8 2 3 

.|.^-«— .«.^.- — --— . — . — . — -4. 

I (4) I aC12) I 
I (41 f b(4) r c(8) I 

I (4> I d(S) fe(4)t 

^. — -«. — -f. -. — ^-.+«-. — + 

! (4) I f(12) I 

IQU Memory Words 

4 5 5 6 6 

a 2 6 3 

I a(12) I b(4| I 

.+-.« — --. -,|.«««^.„+«« — 4. 

I c(3> I d(8) I 

f e(4) I f(12) I 
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8,0 CYBER 180 ASSEMBLER SYMBOLIC 100 II^STRUCTIOHS 

8. 5.8. 3 lAM, lAPM, mn, OAPM - BLOCK I/O Instrwctiofis 

I, ARM -C For mat - fscm Op Code = 10710cm Size = 32 bitl 

f label 1 operation f argument 
1 flAPH im,c 

c> Transfers the contents of consecutive fOU memory words 

as sticcessfve words on channel c« The address of the first 
lOU word Is specified by m and the number of words to be 
transferred Is specified by CA)« Termination occurs one of 
two ways* 

- { A ) = or 

- channel becomes Inactive! if this happens (AJ contains 

the difference between the Initial value and the actual 
number of words transferred. 

If the channel Is initially Inactive when the execution 

begins* no transfer takes place and CA) remains unchanged. 

0AM - (Format ~ fscm Op Code = 00730cm Size - 32 bit) 

I label loperatlon larguf^ent 

I fOAM |m,c 

Notet If a 12-blt external Interface Is usedt bits 48-51 of 
the channel word Is not transmitted and are lost. If an 

8-blt Interface Is usedf bits 48-55 are not transmitted and 
are lost* 
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8.0 CYBER ISO ASSEMBLER SYHBQLIC lOU INSTRUCTIONS 
8.5«8.3 I.AM, IA.PM, OAH, OAPM - 8L0CK I/O Instructions 

d) Transfers consecutive lOU memory v«?ords as bits 52-63 of 

successive words on channel c. During the transfer the 
contents of 3 lOU words result In 4 channel words (same 

packing as above). Sits 48-51 of the 16-bit channel word 
are c'lBarBd* The address for the first 100 word Is 
specified by m and the nuiuber ■ of channel words transferred 
I s spec I f I ed by C A ) • Term i nat ! on occur s one of two ways 5 

- CA) = or 

- channel Is inactivef if this happens* CAJ will contain 
the difference of Its initial value and the number of 
words actua I ly transferred. 

If the channel is Initially Inactive when execution beginst 

no transfer takes place and CAI remains unchanged. 

OAPM - (Format = fscro Op Code = 10730cm Size = 32 bit) 

^— -. — , . — -I- — , — ^-.+— .« «.——«—.-«—-..«, — ^-- 

t labe I I operat ion I ar gument 

-I-. ««.- «+. —-.-««-+—- — ««.. ^ -« «««•«--. 

I 10 ARM |m,c 

8.5.8.4 i£M j.^B£M^r^A£IIMlI£Zfi£i£IIMI£-XZO«£iiaQasls 

a I Prepares channel c for I/O transfer by setting the channel 
active. If the channel Is active, then the Instruction 
will wait for the channel to become Inactive before 
executing. 

ACN - (format = fsc Op Code = 00740c Size ~ 16 bit) 

1 1 abe I I opera 1 1 on I ar gumen t 
! lACN Ic 

b) Prepares channel c for I/O transfer by setting the channel 
active. The Instruction will execute regardless to the 
active/Inactive status of the channel. 

ACN - (Format = fsc Op Code = 00741c Size = 16 bit) 

4- — . , — 4.= — — , ^ . — . ^ , 

Mabel {operation f argument 

^^- — «.—«-«-+-«— «^«-«-.^— «-.—«, — -— — «-•-««—-.. — 

f I ACN I40C8I+C 
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8,0 CYBE^ 180 ASSEMBLER SYMBOLIC lOU INSTRUCTIOMS 
8,5. 8. 4 ACHf OCN - ACTl VAT€/OEACTI¥ATE I/O Chafifiels 



cl Terminates I/O operations on ctiannel c foy setting the 

channel inactive* If the channel Is Inactive* the 
instruction v^l 1 1 wait for the channel to hecorae active 
before executing* 

DCN - C For mat - fsc Op Code = 00750c Size = 16 blt> 

Mabel foperatlon largument 

H^ — "' — -^ — ^—4— — « — -. — -4.--«-, -----, — ^-^ — , ^. 

I lOCN |c 



d) Ter?ii!nates I/O operations on channel c by setting the 

channel inactive* The Instruction will execute regardless 
of the active/Inactive status of the channel* 

OCN - -CForfnat ~ fsc Op Code = ■00751c Size = 16 bit) 

I label foperatlon | argument 

4.-.-« . — 4. — ^ — , — . -4., — «-, — -««., «•, «-«« 

1 lOCN |40(S)^c 

Note* on both OCN instructions* If they are executed after 
an output Instruction without waiting for the channel to 

become empty* the last channel word transferred may be 
lost* 

8.5.8.5 Em^^Em^z^llQ^Lhmnsil^tmctlQQ^ 

a) Transfers hits 48-63 of (A) as a function code to channel 
c. If the channel Is active* the Instruction will wait for 
the channel to become Inactive before executing. The 
content of A remains unchanged. 

FAN - (Format = fsc Op Code = 00760c Size = 16 bit) 
1 label foperatlon f argument 

4- . 4. -—--^4. 

I IFAN Jc 
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8.0 CYBER 180 ASSEMBLER SYHBOtlC lOU IMSTRUCTIONS 
B»5mBm5 FANf FNC *- I/O Channel Fufictlons 

b) Transfers bits 48-63 of CA) as a function code to channel 
c. If the channel Is act! vet the function Is not 

transferred an4 the Instruction exits. The content of A 
remains unchanged* 

FAH - (Format = fsc Op Code = 007-6 Ic Size - 16 bit) 

^- , — --— 4.«- — •— «-«+«^«-«« «.-.--,, — «« — ^—^•«. 

\ I abe I f operat ion f ar gufisent 

f IF.4H t40(8)-i-c 

c) Transfers m as a function code to channel c. If the 
channel Is actlve» the Instruction will wait for the 
channel to become Inactive before executing* 

FWC - f Format = fscm Op Code = 00770cnR Size ~ 32 bit) 

.^^. ^ — « — -I- ' -»•*-■ ' — -■ — -^ — —-««-.= 

flabel foperatlon larguwent 

I IFNC |m,c 



d) Transfers m as a function code to channel c. If the 

channel Is active, the function is not transferred and the 
Instruction exits. 

FHC - C Format - fscm Op Code ~ 00771cm Size = 32 bit) 

+«--.« • — ^-. — - — «-.««^ — «-««. «-«-—« — « 

1 1 abe I I operat Ion I argument 

^— , , .§.-. « -4. — .— «. — «-«»-«-««-«-. — ««« 

! IFNC fn»,40(8)4-c 



Hote» If a 12-blt external Interface Is used on the channel 
bits 48-51 of the function code will not be transferred and 
are lost. If an 8-blt Interface Is usedt bits 48-55 of the 
function code m are not transmitted and are lost. 

• * • • • . 



8.5.9 OTHER lOU INSTRUCTIONS 
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8,0 CYBER 180 ASSE«8LER SYHBOtlC lOU INSTRUCTIOHS 
8,5.9.1 EXW, MXH, HAM - EXCHANGE JUHP Instructions 

8.5*9.1 £IMj.^Mli j.-mM-r-.£I£eAM££-. jyM£.lQSti:uctiQas 

These Instructions provide for lOU prograins to control tfie 
execytlon of the CPU in CY8ER 170 state. 

Not8f the d-fieVd can be In the range of 0-7. The valye of 

the d~fie1d specifies which processor (CPU J the exchange jump 
will interrupt. 

a) Perform an unconditional exchange juinp at the address 
specified by (R) + CA). This exchange package ¥Uk address 
IS verified against the OS Sounds Register and If the jump 
Is Into a prohibited reglont the exchange will not occur* 

EXN - CForroat = fd Op Code ^ 00260X Size = 16 bit) 

I label loperation J argument 

I lEXH Id 

b) Performs a conditional exchange jump at the address 
specified by CRI + CA). The exchange package FWA Is 
verified against the OS Sounds Register and If the jump Is 
In a prohibited region the exchange will not occur. 
Otherwlset If the monitor flag is clear » the exchange jump 
Is performed and the monitor flag Is set. If the flag is 
setf no exchange jump occurs and the Instruction becomes a 
PASS instruction. 

nm " (Format = fd Op Code = 00261K Size = 16 bit) 

^.— -= — -, — .«^ ^, « — 4.—^— -^•«--..«.. 

I label loperation largument 

I IHXM Id 



8-46 

COC - I^OVANCEO SYSTEHS OEVELOPHENT 

86/10/1? 

CYBER 180 II Assembler ERS HevS F 

8.0 CYBEt 180 ASSEMStER SYMSOtIC lOU IHSTRtJCTIOIIS 
8.5.9.,1 EXN, HXN, HAN - EXCHAMGE JUHP Irtstructlons 

c) Perforfus a conditional exchange jump at the address 

specified by the CPU Hon! tor Address ink} register. If the 
won! tor flag Is clear t the exchange jamp Is performed and 
the flag Is set* If the f^ri§ Is set» the exchange jump Is 
not performed and the Instruction becomes a PASS 
Instruction. 

HAH- « (Format ^ fd Op Code ■= 00262.X Size = 16 hitl 

I I abe I I oper a 1 1 on I ar gyment 
f IHAN Id 

8 • 5 . 9 . 2 BSM-- ^E4SS-.Iass:i:y£l:iQa 

a) The PASS Instructions performs no operation* 

PSn - CFormat ■= fd Op Code = 0D2A00 Size = 16 bitl 

4.^: — «-.«--^+.««— ., — ^. .4.. — , — •«-«-.--.«- — -.^^«.— — 

I label foperatlon I argument 

+. — «-- — -.-«.-+-—-—' — — -I— -.«. — «- ---««-.«-«-.-«-«« 

I fPSN loo 

f^otet If the long/short form of an Instruction Is used and 
there's no corresponding Instruction defined* the 
Instruction acts as a PASS Instruction* An example Is LON* 
opcode = 0014. If 1014, which would be the long form of 
the Instruction and undefined* Is used* the 1014 opcode 
acts as a PASS Instruction. 

8.5.9.3 ttl^-^^LEimiUl^lnSLtLUQtlQn 

a) Executes as a PASS Instruction but allows sensing of Its 
execution by external monitoring equipment through a test 
point. 

KPT " (Format = fd Op Code = 002?d Size = 16 bit) 

I label foperatlon [argument 
I I KPT I 
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a.O CYBER 180 ASSEMBLEf? SYHBOLIC 100 If^STRUCTIOMS 
8.5,9.4 INPM - II^TERRypT PROCESSOR 



8.5.9.4 iME!i«r-.lJyi£IEy £I-.ESQ££SSQg 

a> Transmits arj ifiterrupt signal for the CPU on memory 

port d« This interrupt signal causes the External 
Interrupt bit to be set in the CPU Monitor Condition 
Regi ster . k ser I a 1 1 zati on f unct i on I s performed before 
this instruction Is executed. That Ist execution Is 
delayed until all meinory accesses on the part of the 
interrupted processor are complete* 

IMPN - (Format = fd Op Code = 1026d Size = 16 bit} 

Mabel loperation largument 

1 IINPM Id 
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APPENDIX A 






The Assembler Is called on -NQS/VE wftb the coromafid name 
"ASSEMBLE* followed by parameters In the System Cowfnand 
Language format. Al I Assembler call parameters are optional* 
Parameters of the Assefiibler are* 

I INPllT=fne 

INPUT specifies the file containing source statements 
that are to be assembled. If this parameter is omitted 
the value $1MPUT will be used. 

B 8IMARY.08JECT=f lie 

8INARY_0BJECT specifies the file to receive the object 
text (binary) that Is generated bu the assembler. If 
this parameter Is omitted the value LGO will be used* 

L tIST=^f!le 

LIST specifies the file to receive the assembly listing. 
If this parameter Is omitted the value $LIST will be 
used. 

E ERROR^file 

ERROR specifies the file to receive the listing of 
assembly errors. If this parameter is omitted the value 

$E-RRORS will be used. 

LO LI5T_0PTI0NS=llst of A, R, S, NONE 

LIST_OPTIOHS specifies the content of the listing file. 
If S Is included in the llstt the source and generated 
code are listed. If A Is Includedt the symbol 
attributes listing is included. If R Is spec if led t the 
cross-reference Is listed. If NONE Is specif ledt only 
errors will be listed. The default value is S. 

C CHE CKS^boole an 

CHECKS specifies whether assembly checks are to be 
performed or omitted. Assembly checks are used with the 
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APPeNOIX A 

CALLING THE ASSEHBLER 

CPU instruction set to validate that the correct 

register type designators (A~reg or K-reg> are wsed. If 
this parameter Is omitted a value of TRUE wll! be ysed« 

STATUS=statys variable 

STATUS specifies a status variable to receive the 
c omman d ' s t e rm i na 1 1 on status • 



EXAMPLES 

ASSEHBLE I^SOlltCE B^BIH L=LISTING LO=<S,A,R) C=TRUE 
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APPENOIK 8 - MOTES km EXAMPLES 



ie££llfiiI^l-.r^iQI£S.«IM!-.£llliELES 



To fully understand the Cyber 180 Hardv^are Instructions and 
thler parameterSf one must first understand that the Cyber 180 
machine Is designed to be Stack oriented* Software written 
for the Cyber 180 w! 11 be written In a Stack oriented higher 
level language (CY8lt)* However there will be soma code that 
will have to be written In Assembly language (le Hardware 
diagnostics) • The following sections contain notes that will 
hopefully aid In writing Assembly language programs* 

REGISTER USAGE 



Mhen writing In Assembly language* It Is important to 
understand how the hardware works* especially register usage. 
The contents of the following registers are assumed to be as 
described by the hardware* and should not be overwritten* 

AO - Dynamic Space Pointer* 

Al - Current Stack frame Pointer. 

A2 - Previous Save Area. 

A3 - 8 1 nd 1 ng Sect I on Pol nter • 

A4 - Argument Pointer. 

GENERAL NOTES 



In addition to understanding the hardware* It Is also 
Important to understand some things about the Assembler. 

SECTTONS-SEGHENTS The relationship between the Assembler 
concept of Sections and the Hardware concept of Segments Is 
similar* but differs In that two or more sections may be 
loaded in the same Hardware Segment when they have the same 
access permissions. 

REL0CATA8ILITY OF CODE Even though code in sections Is 
assembled as absolute* the sections can be loaded as 
relocatable, and are accessed via pointers. 

MONOLITH PROGRAMS When mixing code and data In the same 
section* it Is important to use the ALIGN command when 
resuming to generate code. This will ensure that the code Is 
generated on the proper boundary. 
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APPEWOIX B - MOTES AHO EXAMPLES 
SAHPLE PROGRAM 



SiMELE^ESQfiElM 



Tt^e following Is a sample program available to the SES 
catalog* It Is intended to aid tf» the under stared lug of the 
CYBER 180 CPU Assembler and the CYBER 180 hardware* 



test 



I dent 

def entl 



This program will pick tip 
and makes a copy of it In 
is structured to use the 

the Assefublerf and Is exe 

space 3 

use working 



•sample program 
•defines the entry point 

an entry frofii the Literal sectlont 
the working section. The program 
default sections established by 
cuted using the CI 80 defaults. 



dum 

terPD 



n»sg 



msg_pt 
ten5p_pt 



bss 1 

align 0,8 

bssz 20(16) 

space 3 

use working 

all gn f S 

vfd,8*8 c'EXAHPLE 

space 3 

use binding 



address p»msg 
address p,temp 





space 


3 




use 


code 




space 
proc 


1 


count 


pname 




nun5_move 


set 

pend 


nuffi_move^-lc 




space 


2 



•The working section will get loaded la 

segment with read+wrlte permissions. 
•Put here to show effect of align. 
♦Ensures word boundary* 
•20(16) bytes(4 words) of temp storage 

• The WORK IMG section wl 1 1 be loaded 
into a segment with read permission. 

•Hord boundary. 

• .Test data to be moved 



•The Binding sect 
hardware to stor 
facilitate the b 
This section wl I 
a segment with r 
•Creates a pointe 
•Creates a pointe 
Pointers are set 
set to FFF, LINK 
The location fie 
word boundary + 
Is right just If I 



Ion Is used by the 
e pointers which 
I nd I ng of segment s« 
I be loaded Into 
ead-t-blnd permissions* 
r to HSG. 
r to TEHP. 

up with segment numbr 
ER fills in this fie I. 
Id will show an offsef 
2 9 because the 6 byteA 
ed In the 8 byte fiel. 



•The Code section will be loaded Into 
a segment with read+execute permission 

•This proc will count the number of 
•bytes moved. 

( f : ( 2 f ) ) . A dd the number of bytes 
•end of procedure 
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APPENOIX 8 - NOTES ANO EXAHPLES 
SAMPLE PRQmm 



entl align Of 8 •Entry point on a word boundary 

nufn_move set •Initialize byte counter 

ente x0f33<16l . Include X0-X3 and A0-A3 when 

• saving tlie envlronTOent* 

callrel move._msg»a3»a4 •move a copy of msg to temp 
• 

return .End execution. 

• Hove_msg will move data to working storage 

• 

move^msg align OfB ^'Ensure word boundary* 

•toad Into A5 the pointer to HSG» 

•toad data Into Kl^ 

• A5 =^ pointer to storage area* 

•Store MSG« 

^Update NUH^HOVE. 

•Return to caller 

end entl »Entl Is transfer label 

SAHPtE EXECUTION 



The sample prografii In the previous section was executed as 
shown below; 



la 


a5f a3imsg_pt 


Ix 


xltaSfO 


la 


a5f a3f temp_pt 


sx 


xlf a5f 


count 


i^sg 


return 





To be supplied later 
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lEE£llfilI^£-.r.S£S£EM£Q-.Magi}S 



The fo!lo<«ilng words or categories have special lueanlng and 

can not be redefined In the user's program. 



ister Identifiers CAO-AF, XO-XFI 

Section Identifiers {blndingt codet stackt working) 

Section types {Codet Slndlngt Norking* Commonf Extworkt 
Extcorol 

Attribute identifiers (Blnd-t Executet Readt Write) 

Hachlne Identifiers (C180CPU, ClSOlOir) 

ATI pseudo and machine mnemonics. 

Al! symbols starting with the pound- sign character. 

Any symbol containing a colon. 

Special Internal symbol sCPAOA, PADSt SECT, ASECT, OSECT) 
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ieE£^QiI^fi-.=«££fiQS-.a£SSlS£S 



Error messages may appear either on the Itstlngt and/or on 

the dayfile* depen<lin9 on v*hen the error is detected. 

LlSIIMfi-ESEQES 



Massage 

ALIAS HME IMV.ALIO Of? OUPtlCATE 

SimitlLkUQE 

The alias name has been defined as both an internal and 
eKterna} entry point. Cie. appearing on both a OEF or 
DEFG Instruction and a REF InstractlonK 

An internal entry point must be ynique* Howevert two 
external entry points can be aliased to the same 
linkage symbol. 

ALIASED SYMBOL HUST BE REF OR OEF SYH80L 

The label field of an alias statement has not been 
de f I ne d I n a OEF » OEFG » or RE F p s e udo I n s t r uc 1 1 on • 

Aciim 

Define the entry point to be aliased in a OEFt OEFGt or 
REF ir^structlon* ^Jote for a OEF or OEFG symbol ♦ these 
values must be further defined as a relocatable symbol 
(symbol category = 61 • 

AHAHE SYH80L REQUIRED FOR ATTRIBUTES REFERENCING 

SimiElQAULt 

Encountered an ATRI8 statement where the user defined 
attribute name was not previously defined In an ANAHE 
statement. 

Oefine attribute name using the AMAHE pseudo 
Instruction. 



A-REG DESIGNATOR REQUIRED 
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.SifiMl£I£M££ 

An A register Is required if^ Instruction* 
'Mi 
Check register specifications for I nstructlon- in E-RS* 



ARGUMENT SUBFIELO HOST BE SYMBOLIC NAHE 

SISill£i£M££ 

The arguinent field of the following pseudo instructions 
must be a symbol and cannot be an express! on J AOO-RESS, 
ALIAS, €N0, ERROtt FLAG, LOCAL, OPEN, l?EF, SECTIOM, 
SKIPTOf and TITLE. CAn exception Is the address type R 
on the ADORE S S I n st r uc 1 1 on • > 

Check the ERS for definition of the argument field. 

Hany of these instructions have pre-defined values for 
use In the argument field. 



8DP DESCRIPTOR ERROR 

There's an error in either the source or destination 
data descriptor within a BOP Instruction. 

Check register specifications and descriptor 
limitations for Instruction In ERS. 



SINGING ATTRIBUTE HOST BE BIH0A8LE OR H0N8IN0ABLE 

SI£MI£I£4II££ 

The •bind* type in the argument field of the HACHINE 

pseudo instruction is not one of the ore-defined values 

8INDA8LE or N0NBIN0A8LE. 
ACIiOi:^ 

Check value In argument field of the MACHIf^E pseudo 

Instruction. 



CHARACTER STRING TOO LONG 

SimiElQAULE 

A character string cannot exceed one line, therefore is 

limited to 87 characters. 
ACllQU 

Check for missing quote mark or shorten current string. 
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CMO ST4TEHENT ILLEGAL IN PROCEDURE OEEIMITIOM 

k CHO Instruction Is equivalent to a one statement 

procedurB definition. Nested procedures are not 

allo««redf therefore a CMO statement cannot be v#lt'liln a 
procedure definition. 

Take the CMO statement out of the procedure* Or 
redefine the CMD statement as a separate procedure and 
replace the CMO with a 'procedure call*. 



DATA GENERATION IN STACK OR 8IH0IMG SECTION 

SiliMI£I£ii££ 

Data cannot foe Initialized In the STACK or BINDING 
sections at assembly time. (An exception Is the 
binding section in which pointers can be Initialized 
with the ADDRESS pseudo Instruct Ion. 1 

l£IIQi 

Check the last USE statement which was encountered. 



OISPLACENENT VALUE IS OUT-OF-RANGE 

simiEiLmLE 

The displacement value on a machine Instruction 
overflows the length of the field designated by the 
Instruction* 

kamu 

Check the ERS for the calculation of the address 
displacement to make sure the value can be represented 
by the number of bits allotted for the displacement 
Cle* for a 16 bit Q-fleld with sign extension the 
value must be In the ranges ~7fff(i6) < value < 
7fff(16) ). 



DIVISION BY ZERO ATTEHPTEO 

SiSHIEICASiCE 

While evaluating an expression* an attempt to divide by 

zero was made* 
ALllQM 

Check values In the divisor portion. 



ERROR STATEHENT = 'character string* 
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SI£Ml£I£lMi:£- 

The. expression In the ERROI? stateflRient evaluated to true 
causing the string or syfiibol In the argyinent field to 
be printed in the object listing* Control is 
transferred conditionally on the presence of a label In 
the operation sybfleld* 

iCIIOM 

Check ERS for rules concern in-g the ERROR statement and 
the transfer of control* 



EXPRESS lOM EVALUATIOH ERROR 

While processing an express I on # an arlthii?etic overflow 
or underflow has occurred* The following conditions 
will cause this error 2 

exceeding the following linilts In Integer 
ar I thfset I c 

32 bit Integer - -2<31) <= M <= 2(31) - 1 
64 bit Integer - -2(631 <^ M <= 2C63> - 1 

- exponent overflow and underflow are detected for 
all single precision* but only for the leftmost part 
of double precision* 

floating point absolute value - 5*2 * 10=5^^1232 

- for general 80P Instructions with data descriptors* 
the source operand fields will be checked for 
overflow but the destination operand will not* 

- In BOP floating point Instructions, If the capacity 
of designated fields are exceeded such that 
significant digits are lost. 

" an exception is the CALDF and EDIT Instructions* no 
overflow conditions detected for these* 

Check values used In the expression evaluation* 



FIELD REFEREf^CE ERROR 

This error occured because some field In the source 
statement requires a symbolic name but an Illegal field 
reference lie* F: function! or list reference <le« 
symbol (XI) was encountered* The value that either of 
these functions represent is not a symbolic name* 
ACIlQi 

Check the fields in the source statement that require 
symbolic names (le* label fields* operation subflelds 
as In the SKIPTO statement* etc*)* One of the values 
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being referenced is not deflnecJ to be a SYinbollc nai»e« 

FIRST STATEMENT IS HQJ fOEMT 

Si£Mi£l£M££ 

The first source statement encountered bv the assembler 
was not an IDENT instruction* The only permissible 
source lines before the lOEMT are comments* This Is 
also true for multiple assesubly modules t the only 
allowable source lines between the EHO and the lOE^T 
are comments* 

Delete those statements before the lOEMT instruction* 

FLAG STATEHEMT ERROR 

SiaiI£I£lM££ 

The FLAG statement was processed which conditionally 
sets an error flag* The two permissible error types 

are pre-defined as FATAL and WARNING* 

Processing of this statement does not affect other 
code* 



GENERATED CODE IS HOT «»8IH0A8LE« 

The relocation Information generated with a CHOt VFO, 
INT» or DINT statement does not correspond to the 
pre-defined values of the RCT or AOT fields of the 
Relocation attribute. Both the Relocation Container 
Type and the Address Oisplacement Type are pre-defined 
and the relocation Information must Bgree with these 
attribute values* 
ACIIQU 

Check values on these data generating statements so as 
to make sure that all relocation Information has the 
correct values* le* one of those that is pre-defined* 



ILLEGAL ATTRIBUTE REFERENCE 

SI£MI£i£A!l££ 

When evaluating the argument of an attributet either 
defined In an ANAHE statement or an internal attribute 
(ie* #REGTypy, an illegal argument was encountered or 
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the argument was missing* This can also occur If a 
re 9 i s te r s pec i f t ca 1 1 on in a s yiwbo 1 1 c raach I ne 
Instruction Is incorrect. 

MIIQM 

Check argtiflRent field of an attribute reference or check 
the ERS for correct register specifications for machine 
instructions. 

ILLEGAL COMTIHyATION 

SIfiiI£I£M££ 

The card following a continuation card contained a 

non-blank character In column !• This could also be a 

non- gr aph I c c har ac ter • 
idllQi 

Change the card following the continuation character to 

contain a blank In column !• 



ILLEGAL EXPRESSIOM 

SI£MIEI£1M££ 

While evaluating an expression an Illegal reference has 
been encountered by the assembler. This can be an 
element number reference* an attribute reference* an 
Intrinsic or user-defined function reference. 

MJ.1QU 

Check the following conditions^ 

element number reference - using parenthesis 
rather than brackets or trying to access a list 
value of a symbol that is not a SET/EOU symbol » 
- attribute reference - using parenthesis rather 
than brackets or having more than one argument* 

Intrinsic or user-defined function reference - 
using brackets rather than parenthesis or having no 
argument or a null argument field. 



TLLEGAL OR NON-GRAPHIC CHARACTER DETECTED 

SI£lillEl£AM££ 

An Illegal or non-graphic character has been detected. 
Note that a single quote* which Is not preceded by a 
symbolic character, will cause this error. 

The assembler accepts any graphic ASCII character in a 
comment or character string. Check the ERS under 
character set for the ASCII subset which the assembler 
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accepts as Input* 

ILLEGAL STATEHENT IH fUnCJlQn EXPANSION 

SIfillI£i£iM££ 

A function may not generate code or change location 
counter s» If It Is called form a statement which 
Itselff generates code. This condition may occyr In 
any of the following statements? ALIGNf BSSt BSSZt IHTt 
OINT, FLOAT, OFtOAT, POEC, VFO or a CHO call statement • 

MXim 

Change the function or the source statement from which 
It Is ca^^ed* 



INSUFFICIENT NUMBER OF ARGUMENTS 

In either a CHO or ¥F0 statement # the number of 
elements In the value list Is less than the number of 
elements In the length list. 

Check the elements In the value list. Note that If the 
number of elements In the value list exceeds the number 
of elements In the length list no diagnostic occurs and 
any extra arguments ar^ Ignored. 



INTEGER OR REAL NUMBER CONVERSION ERROR 

SI£HX£I£1M££ 

The floating point number In the argument field of a 
FLOAT or OFLOAT pseudo Instruction Is an Infinite or 
Indefinite value. 

kQIlQM 

Limits on minimum and maximum values and exponents can 
be found In the CY8ER 180 math library documents. 



INVALIO ELENENT NUHBER IDENTIFIER 

The element number being referenced has a value less 
than 0. 

kciim 

Check expression within the brackets which must be 
greater than or equal to 0* 
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INVALID LOCATION COUNTER DESIGNATOR 

SiSMi£I£ii££ 

The value K In $(K) did not evaluate to or 1« 

iCIlQi 

The value X can fee an expression but this expresslort 
must evaluate to for current byte offset or 1 for 
current bit offset. If no value Is given the function 
defaults to 0» 



INVALID MACHINE TYPE 

The lOENT pseudo instruction Is the first statement 
recognized by the assembler and It pre-defines the 
processor type due to the argument fie|d» If this 
value does not correspond with the type on the HACHINE 
pseudo Instruction this error will be produced. 
Other wi set the type In the argument field is not one of 
the following pre-defined valuest CISOCPU or CISOIOU. 

Check the argument field of the lOENT and HACHINE 
pseudo Instructions to insure they correspond to the 
sanne processor ■ type. 



INVALID SECTION ATTRIBUTES 

Si£Mi£i£4i££ 

The attributes defined on a SECTION statement ^re 
either not In the set of pre-defined attributes or 
there^s an illegal expression In the definition of 
these segment access attributes. 

The pre-defined segment access attributes are' REAOt 
l«IRITEf EXECUTE and BIND and the only operator permitted 
Is the plus (+> operator. 



INVALID SECTION TYPE 

SlSLUltlQAUQg 

The section type used In the SECTION statement was not 
In the set of pre-defined types. Or the section type 
was CODEt BINDING or STACK and these are already 
defined by the assembler and cannot be redefined by the 
user. 

AQllQH 
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The section- types available to the user ares NfORKlMGf 
COMHON, EXTMORK and EKTCOH. 



imhLlO SYMBOL ERROR 

The syiufool encountered was IHegal because of one of 
the following conditions 2 

- the first character of the symbol does not begin 

with one of the legal alphabetic characters defined 
for the assefnbler* 

- there's a colon C 2 1 sojuewhere In the symbol # 

- the symbol is In the list of the assembler's 
reserved words C see Appendix C of the ERS )• 

Check symbol for illegal character or that it appears 

on the reserved word list. 



IMVALIO »TYPI^ SUBFIELO IH AOORESS STATEHEHT 

The address type in the argument field of the AOORESS 
Instruction is not one of the pre-defined types. 
I£IiQM 

The address types for the ADDRESS instruction are 
defined as J P» Ct CI# CEt or R« 



LABEL HOT SYHBOLIC MAHE 

The label field of one of the following statements does 
not contain a legal symbol: ALIASt AHAMEt ATRIB» CH9» 
00, l^HILE, OENO, lOENT, SET or EOU. 

ACIIQM 

Check the label field on the source statement. 



HACHIWE STATEHENT HUST PRECEDE CODE GENERATION 

The HACHIME pseudo instruction did not precede a data 
generating statement. 

The HACHIHE pseudo instruction must appear before any 
statment which generates code. Also there can be only 
one HACHIt^E pseudo Instruction between an I DENT and an 
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fO assembly unit. 



HAXIHUH SEGHEMT OFFSET EXCEEOEO 

SI£MlEI£ii£E 

Code has been generated in a section that overflows the 

maxlfiyfn offset allowed by the operation system-* This 

value Is 0FFFFFFFFfl-6K. 
AdllQi 

Check the section that currently Is being used for code 

generation. 



MISSING CONT STATEMENT 

While processing a procedure call or a DO/HNILE 
sequence of statements a SKIPTO was encountered with a 
name In it*s argument field that did not appear before 
a PEHO or DEHO statement* This also occurs if the 

label on the ERROR statement does not appear* 

iCIIQM 

Check syfi3bol names In argument field of SICIPTO 

statement* 



MISSING OENO STATEMENT 

There's no matching DEMO statement for a DO directive* 
An ENO or a PEHO statement was encountered first* 

Include the OENO statement In assembly module* 



HISSING OPERATION FIELD 

SlfiiI£I£Al:l££ 

There's a value in the label field of the source 
statement which has nothing following It* 

A£IIQM 

A null operation field Is Illegal* Check source 
statement IP or missing value. 



HISSING PENO STATEHENT 
SI£HI£I£AII££ 
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A P.I?OC directive was encountered but no statement 
between this and the END statement contained PENO In 

the oper at I on field » 

Inclyde the PENO statement in the asseub'fy niodyle- 



NESTED PROCEDURE OEFII^ITION 

Encowntered a PROC psuedo Instruction between a 

PROC-PENO pair. 

Mested procedures arm not allowed by the assembler. A 
PROC instruction must be followed by a PENO Instruction 
before another PROC Instruction can be processed* 



OFFSET ARGUMENT NOT ON REQUIRED BQUNOARY 

While processing one of the offset functions lie* 
#«OFF, fHOFF, #POFF, or #80FF) the address of the 
argument does not fall on the appropriate boundary tie. 
for #yOFF function the argument must be on a word 
boundary). 
ICIIQi 

Check the address of the function argument. Sue the 
ALIGN statement before the argument definition to 
assure the correct boundary. 

OPERANO HUST BE A REAL NUHBER 

simiEiQAmE 

An operand In the argument field of a FLOAT or OFLOAT 
pseudo instruction Is not a legal floating point 
number. 
ALllQM 

Check the operands in argument field for legal floating 
point numbers. Notet all floating point values must be 
decimal values* 



OPERAND TYPE INVALIO^ 

SI£Mi£I£4M££ 

The following pseudo Instructions cause this error if 
the argument field Is Incorrect* 
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• ERROR - arguffieot must be a le§al ■ sy^rufool or ascll 
str ingt 

FLAG - argument field iiust be pre-defined symbols 
FATAL or WARNING, 

" INFOMSG - If- there Is an argum-entt ■ it must be the 
symbol LI STON, 

POEC - the arguinent must be an ascii string with 
only the characters - 9 or •+»/«-•• The «+«/•«• 
must be the last character In the string. 
iHIIQi 

Check the argument field for illegal value* 



OPERATION StJSFIELO NOT A SYMBOLIC NAHE 

simitmmLE 

One of the following tv#o conditions has occurred^ 

the operation field does not have a legal symbol 
nBMB In 1 1 1 
- or one of the following pseudo Instructions does 

not have a legal symbol name In lt*s argument fields 

CLOSE, OFF, OEFG, LOCAL, OPEN or REF. 

Check the operation field or the argument field of the 
listed pseudo Instructions. 



PNAHE/FNAHE STATEMENT MISSING 

There was no PNAHE or FNAME pseudo Instruction between 
a PROC/PENO pair. Or the PNAHE/FNAHE Instruction was 
not the Instruction immediately following the PROC 
Instruction. 

The PNAHE/FNAHE statements must be the first 

Instruction after the PROC statement and there must be 

at least one PNAME/FNAME statement In a procedure 
deflntlon. 



PNAHE/FNAHE STATEHENT OUT-OF-SEQUENCE 

The PNAHE/FNAHE statement Is not Immediately following 
a PROC, FNAHE, or another PNAHE statement. 

The PNAHE/FNAHE pseudo Instructions are part of the 
procedure's heading along with the PROC statement. No 
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other Instruction can appear between a PRQC and 
PHAHE/FNAME statewient. 



RELOCATABLE SYN80L REQUIRED CCATEGORY = 6) 

An AOORESSf OEF or ENO pseydo Instruction has a 
non-relocatable symbol (le« symbol has a symbol 
category other than 6) In lt*s arftj^ent flelcl* 

kcum 

A relocatable term represents a location of somQ 
assembled code. These are defined In the label field 

of a data generating statement such as ¥F0» IMTt OINTt 
FLOAT, OFLOAT, POEC, ' 8SS, BSS2 , ADDRESS, ORG, ALIGH or 
a call to a CMO Instruct! on« The labels of the 
symbolic machine Instructions will also have a syjubol 
category equal to 6» 



REQUIREO OPERAND MISSIf^G 

SI£iI£l£4!l££ 

The argument field Is blank on a pseudo Instruction 
that is required to have an operand* 

i£IiQM 

The fol louring pseudo Instructions require a value to be 

present In the argument fields ADDRESS, ALIASt SSS, 
BSSZ, CLOSE, DEF, OEFG, FLAG, LOCAL, IMT, OIMT, FLOAT, 
OFLOAT, OPEN, ORG, POEC, POS, REF, SECTION, SKIPTO, 
TITLE, USE, VFO, and a call to a CHO statement • 



SECTION ALIAS HAHE INVALID 

SIS2li£I£M££ 

The 'eld* field on the SECTION statement Is either not 
a symbol or has been previously used as a •cid». 

The *cld* field Is optional but If it*s not used It 
must contain a legal null subfield tie. two coromasK 
If the symbol has already been used, redefine one of 
the fields* 



SPECIFIED SECTION SIZE EXCEEDED 

The amount of code generated in the section exceeded 
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the amount given by the *maxsl.ze* field on the SECTION 
statement* 

AQimu 

Check vaTwe for «fiiaxsl.ze» field on the SECTION 

statement and Increase this valye as necessary* The 
maximum segiiient length Is 0FFFFFFFF(16)« 

STATEMENT ILLEGAL IN lOU HODIILE 

The ADDRESS, ALIAS, OFF, OEFG, INFQMSG, POEC, OIMT, 
FLOAT-, OFLOAT, REf^ SECTION, and USE pseudo 
Instructions are 11 legal in an lOll assembly niodule. 

Delete these statements from assembly module. 
STATEHEHT IS VALID ONLY WITHIN A PROCEDURE 

The LOCAL pseudo Instruction can only be used within a 

procedure definition (le« between a PROC/PEND pair). 
MllOi 

The LOCAL pseudo Instruction Is used to define symbols 
local to a procedure. A PEND or an END statement 

terminates the symbols. 

STATEMENT LABEL IS NOT UNIQUE 

SiSii£I£A!^££ 

The symbol encountered In the label field has already 
been defined. Note that this can be a directive or 
procedure/function name* 

Redefine one of the symbols and change the references 
to the symbol. Note If a symbol appears in the label 
field of a pseudo Instruction that does not require a 
label, the symbol Is not considered defined. 

STATEHENT LA8EL REWIRED 

The label field of the source statement Is blank. 
ACIIQU 

The following pseudo Instructions require a label 

field: ANAHE, ATRI8, CHO, SET, EQUf PNAHE, FNAME, and 
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SECTION. 



SYHBOt CANNOT 8E A LOCAL OR OPENEO SYH80L 

The symbol !r» the argument field of a REF, OEF» or OEFG 
pseydo Instruction Is an OPENedt LOCAL or Implied local 
syrefeol that has not been closed* 
ICIIQi- 

The symbol In the anguipent field of either a OEFt OEFSt 
■ or REF statement must be a global symbol and cannot 
have appeared in a LOCAL or OPEN Instryction* It also 
c an no t b e an i mp I ! ed I oc a I symbo I « 



SYH80L HOST BE DECLARED REF OR OEF 

The symbol In the argument field of the END pseydo 
Instruction has not been declared as an entry point. 

If the argument field contains a transfer addresst the 
symbol must be declared as an entry point by appearing 
In either a OEFt OEFCt or REF pseudo Instruction In the 
same assembly module. 



SYNTAX ERROR 

Si£^iEI£ie££ 

The following conditions will cause this error? 

an illegal character string such as missing or 
misplaced quote markst 

- an Illegal number such as a digit larger than the 
base allowSf a base value other than binary* octal* 
declmalf or hexadecimal, an illegal character or a 
missing parenthesis, 

an Illegal floating point number which Includes 
any base designator (le. all floating point numbers 
are decimal), 

- expressions with mismatched parenthesis or illegal 
or missing operands. 

MIIQM 

Check the ERS for the syntax of self-defining terms 
Cle. number values or character strings). Or check 
the expression in the source statement for illegal 
operands or missing operands* Mote tha a blank or 
comma terminates an expression. 
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TOO nmr mQ-unems 

The argument field of the ALI.AS statement coptains wore 
than one sy mb o I • 
l£IlQi 

The ALIAS pseudo Instryction al!o'*rs onVy one symbol In 
the argument field (le« there can only be one linkage 
symbol aliased to an Interna! entry point). 



TOO MANY CHARACTERS IN SYH80LIC MAHE 

The symbol being processed has more than 31 characters 
In it. 

Aaim 

The maKimum symbol length Is 31 characterst redefine 
symbol to be less than 31 characters* 



TOO MANY STATEMENT LABELS 

SiaHIEILiiCE 

The Instruction encountered can have only one symbol In 
the label field. 

MliQM 

If the Instruction Is one of the following statements# 
on I y one symbo I In t he I abe 1 field Is all owed * AL I AS » 
lOENTf PNAMEf FNAHE or a code generating statement 
which has the symbol category 6 C this Includes the 
symbo He ma ch I ne I n st r uct I on s ) • 



♦»TRALA8EL" FIELD INVALID 

In an 100 module* the *tralabel* field of the END 
pseudo Instruction Is not blank. 

The 'tralabel' field of the EMO Instruction Is Invalid 
In an lOU module and must be blank. 



TRUNCATION ERROR 

simiEiLmQt 

The value that is being put Into a field specified by a 
CHO or VFO statement must be truncated to fit. 
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This message is turned on by the value 1 in the 
argument field of the TRUNC pseydo instryctlon* If no 
TRUMC Instryctlon has been processed In the assembly 
module the value defaults to zero* Checic the TRUNC 
statement In the ERS to see what constitutes loss of 
significance. 



IINOEFINEO OPERATION SUBEIELO 

SI£yi£i£M££ 

The symbol in the operation field Is not a pseudo 
Instructiont symbolic machine Instructlont an Intrinsic 
or user-defined function (ie» appeared on a FNAHE 
statements a procedure definition (le« appeared on a 
PHAHE statement) or appeared on a CHO statement. 

Check the symbol In the operation field for a valid 
symbol that Is either a pre-defined Instruction or 
function or Is a user- defined procedure or function* 



UNDEFINED SYMBOLIC MAHE "symbol Ic.name*' 

This error occurs when trying to evaluate an expression 
or function where one of the operands or argument Is 
undefined. It also occurs when a REFt OEF or OEFG 
symbol has not appeared as a label for a code 
generating statement. 
kLllQU 

Symbol defintlon occurs when a symbol appears in the 
label field of a statement f CPOt lOU or pseudo 
Instruction) unless the label field is Ignored or used 
for some other purpose. 

VALUE OUT-OF-RANGE 

The following conditions will cause this error: 

- ANAHE - argument field < 

- BSS/8SSZ - argument field < 

- CHO/VFO - value In the length field < 

- SET/EQU symbol - element number < 

- LIST - argument field is Incorrect value (check 
ERS for legal value 

- INT/OIHT - argument field must be In the following 
range: 



018 
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APFENOII - ERROR HESSA€ES 
LISTING ERRORS 

CPU " -7EFFEFFFC16I < M < 7FFFFFFF(16r 
IQO - -?FFF(16) < n < 7FFF(16) 

- ORG - CPU - argument field < or > 0FFFFFFFFC16J 

- lOU - arguneet field < load^address Cfroni 
I OEM T s t a t emen t J or > OF F F ( 1 6 ) 
" 00/yHItE - argument field < 

- SECT 1 01^ '-the off sett a 1 1 gfiroen t ♦ or Riaxsize values 
are < or > OFFFFFFFFC 161 

- SKIPTO * F:(1,1) < 

- PAGE - argumant field < 

- TRUNC ~ argument field does not equal or 1* 

Check ERS for each pseudo Instruction for the legal 
va I ue s • 



X-REGISTER OESIGMATOR 

simiEiLmct 

An X-reglster Is required In the Instruction. 

ACllQU 

Check register specifications for Instruction In ERS. 
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ME£il}lI-.£ 



£ia££>ia{i.-.c:Ey^siMiQLic:-di£Mii£«iMSisy£iiQi^syi!eigi 



-I-' 



INSTI^UCTIOM 



I 



OPERAMOS 



I OPCODE 

■■■I— — — 

|00~>07 



001 
009 
013 
005 
006 
014 
020 
016 
017 

003 
Oil 
007 



015 
021 
018 
019 

022 

027 
143 
028 
166 
029 

023 
030 
167 
031 

024 
032 
168 
033 



LBYTS.s 
LBYTfXO 

teYTp,j 

LK 

LBIT 
LHULT 
LAI 

LA 

SBYTStS 
S8YT,X0 
SKI 
SK 

SB IT 

SHULT 

SAI 

AOOX 
A DOR 
AOOXQ 
ADORQ 
INCX 
I NCR 

SU8X 
SUBR 
OECX 

OECR 

HULX 
HULR 
HULXO 
HULRQ 



I Xk,Aj,XlfD 
I XkfAjfXtfO 

Xk,AJ,X!,label=^ 

Xkf A jf label* 
Xk,A|,Q,XO 
Xk»A j,Q 
Akf AJtXI f 
AktAJfQ 

Xk,Aj,X!,0 

Xk,AJ»Xi,0 

X k t A I f X i ♦ 1 abe I * 

XktAj, labels 

Xkt A jf Q»XO 

Xk,Aj,a 

Ak,Aj,Xi,0 

Akf A jf 

Xkf X j 
XkfXj 
XkfXjfQ 
XkfXjfQ 
Xkf j 
Xkf j 

XkfXj 
Xkf X j 
Xk f j 
Xk f J 

XkfXj 
XkfXj 
XkfXjfQ 
XkfXjfQ 



I A4 

I 06 

I A2 

I 82 

I 88 

i 80 

I AO 

1 84 

I 

|08->0F 



I 



A5 
A3 
83 
89 
81 
Al 
85 

24 
20 

88 
8A 
10 

28 

25 
21 
11 
29 

26 
22 
82 
8C 
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CYBER 180 CPU SYMBOLIC M^CHIME IMSTRUCTIOI^ SUnHhm 



REF if 


INSTRUCTION . 




OPERAHOS 


r OPCODE 

»■«»«» «iP -4. «» — — —•—-- -^ — -— 


025 


--r" 


OIVX 




Xk,Xj 


• -^ ^"^ ^ Tr ^ 


27 


034 




OI¥R 




Xkf Kj 




23 
















035 




CMFK 




Xl,Xj,Xk 




20 


036 




CHPR 




X 1 f X 1 1 Xk 




2C 


049 




CPYXX 




Xk,Xj 




00 


053 




CPYRR 




Xk,X| 




oc 


050 




CPYAX 




XktAj 




OB 


051 




CPYAA 




Ak » A J 




09- 


052 




CPYKA 




Ak,XJ 




lA 


054 




AODAQ 




Ak,A 1*0 




BE 


055 




AOOPXO 




AkfXj, label* 




8F 


056 




AOOAX 




Ak,Xj 




2A 


161 




A 00 AD 




Ak,AI,0,j 




A7 


057 




ENTP 




Xk,J 




30 


058 




^mn 




Xk,i 




3E 


059 




ENTE 




XkfO 




80 


060 




ENTL 




KO, jk 




3F 


061 




ENTO 
EHTS 




Xk 




IF 


164 




EHTX 




Xitjk 




39 


165 




EMTC 




XI, JkQ 




87 


169 




EMTA 




XO, jkO 




83 


065 




lORX 




Xk,Xj 




le 


066 




XORX 




KkfXS 




19 


067 




ANOX 




Xk,Xj 




lA 


06B 




HOTX 




Xk,Xj 




18 


069 




INHX 




Kkf%} 




IC 


070 




ISOH 




Xk,X!,0, ]^^ 




AC 


071 




I SOB 




Xk,Xj,XI,0 




AO 


072 




INSB 




Xkf XJf Xi f D 




AE 


145 




HARK 




XktXl, j 




IE 


097 


CMIF 




Xk , X j 




3 A 


098 




CNF I 




XkfXj 




3B 


099 




A OOF 




XkfXj 




30 


100 




SUBF 




XkfXj 




31 


103 




NULF 




XkfXj 




32 


104 




OIVF 




XkfXj 




33 
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APPENDIX E 

CY8ER 180 CPy SYH80LIC HACMIHE INSTRUCTIOH SUHMARY 



REF if 


INSTRUCTION 


1 


OPERANOS 


1 OPCODE 


114 


- ^r 


CHPF 


■*"'"'" "f"" 


Xl,Xj,Xk 


1 3C 


105 




A 000 




XkfXJ 


1 34 


106 




SUBO 




Xk,XJ 


1 35 


107 




HUtO 




Xk.Xj 


f 36 


108 




OIVO 




Xk,Xj 


1 37 


062 


SHFC 




Xk,Xj,Xi,0 


1 m 


063 




SHFX 




XkfXj, Xi,0 


1 A9 


064 




SHFR 




Xk,Xj,X!,0 


1 AA 


037 


BRXEQ 


XjtXk, labels 


1 94 


038 




8RKME 




Xj,Xk,label^ 


1 95 


039 




8RXGT 




Xj,Xk,1abel^ 


1 96 


040 




8RKGE 




Kj,Xk,1abeT* 


1 97 


041 




8RREQ 




XjtXkflabel^^ 


1 90 


042 




SRRNE 




XJ»Xk,1abe!* 


J 91 


043 




BRRGT 




Xj,Xk,l3be1=^ 


1 92 


044 




BRRGE 




Xj,Xk, TabeT^ 


I 93 


109 




8RFEQ 




Xj,Xk, label* 


f 98 


110 




8RFME 




Xj»Xk,Taber* 


1 99 


111 




BRF€T 




Xj,Xk, label* 


1 9A 


112 




8RFSE 




XJfXkf labe 1* 


1 98 


113 




8R0VR 
BRUNO 
8RINF 




Xk, label* 


1 9E 


045 




BR IMC 




Xj,Xk,1abel* 


1 9C 


046 




BRSEG 




Xl,Af,Ak,labei* 


1 90 


047 




BRREL 




Xk 


1 2E 


048 




BROIR 




Aj,Xk 


1 2f 


134 




8RCR 




j,k, label* 


1 9F 


115 




CALL5EG 


label*, AjtAk 


f 85 


116 




CALLREL 




label*tAj, Ak 


1 80 


117 




RETURM 




Jk** 


f 04 


118 




POP 




jk** 


1 06 


120 




EXCHANGE 




jk^^ 


1 02 


121 




HALT 




jk** 


1 00 


122 




INTRUPT 




Xk,j** 


1 03 


124 




LBSET 




Xk,Aj,XO 


1 14 


125 




CHPXA 




Xk,Aj,XO, label* 


1 84 


126 




TPAGE 




Xk f A j 


f 16 


127 




LPAGE 




Xk,Xj,Xl 


1 17 



E4 
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APPEMOIX 
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CYBER 1 


180 CPU SYMBOLIC 


MACHINE 


IMSTRUCTION 


SUMNART 






UEf if 


INSTRUCTION 


1 


OPERANDS 




lOPCOOE 

a .X «« ■ . 


130 


-■1-- 


CPYSX 




-wa* f* 


Xk.fi j 








» f "• 


0E 


131 




CPYXS 






Xkf XJ 










OF 


132 




CPYTX 






Kk,Xj 










08 


136 




KEYPOI.NT 






j f Xk f Q 










81 


138 




PURGE 






Xj,k 










05 


139 




EXECUTE, s 






jfk,i,0 








tC0->C7 
























074 




A0f)M,A|»X0 






Ak,XI 




SO 


00 




70 


156 




AOi>I,X!,0 






AkfXltj 




00 






F8 


096 


CALOF,l^j,XO 






Xk,Ai,D 




SD 




F4 


084 




CHP0,Aj,XO 






Ak,Xl 




SO 


00 




77 


085 




CMPC,Aj,XO 






AkfXl tA! 


fO 


so 


00 




E9 


083 




CHPfl,Aj,XO 






Ak,Xl 




SO 


00 




74 


155 




C«PI,X!,0 






Ak#Xl f J 




00 






FA 


077 


OIVN,Aj,XO 






Ak,Xl 




so 


00 




73 


091 




EOIT,Aj,XO 






Ak,Xlf A! 


,0 


so 


00 




EO 


089 


H0V8,Aj,X0 




Ak,Xl 




so 


00 




76 


154 




HOVI,Xi,0 






Ak,Xi,J 




00 






F9 


092 




HOVN,Aj,XO 






Ak,Xl 




so 


00 




75 


076 




HULN,Aj,XO 






Ak,Xl 




so 


00 




72 


078 




SCL?^,Aj,XO 






AkfXltXI 


tO 


so 


00 




E4 


079 




SCLR,Aj,XO 






Ak,Xl,X! 


,0 


so 


00 




E5 


086 




SCN8,A j,XO 






Ak,Xl,Ai 


fO 


00 






F3 


075 




SU8N,Aj,X0 






Ak.Xl 




so 


00 


71 


088 




TRANB,Aj,XO 






Ak,Xl,AI 


,0 


so 


00 




EB 


NQI£-il --This f!e 


Id wl 


If be modified t 


>y the Assembler* 



IQI£«il 



Parameter can optionally be left blank 



MQI£~2i SO and 00 are Source Oescrlptor and Oesti nation 
Oescrlptor* They both have the format FtT,L»0« 
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A conversion program Is provided to convert CI CPU source 
programs to II CPU source programs. Language differences 
which can be converted are indicated by a *** In the list. 



SiimAWr of CI -> II CPU Assembler Differences 

1» II version uses 64-blt Integer precision in evaluating 
operands and performing arithmetic and logical 
operations* 

Zm Htiltlpfe source statements per line are not allowed. 

3. * All symbol names may be 31 characters maximum length 

(versus 8 for the CI Assembler). 

4. MACHINE pseudo Instruction type will Identify CPU or 
lOU assembly type and corresponding object text 
generation. 

5. lOENT statement will have operands for lOU module. 

6. ^ AOVF pseudo Instruction Is not valid In II Assembler. 

7. * CYBIL data notation Is used for numeric datBm 

B. Certain pseudo Instructions are limited to the CPU 

Assembler. 

9. Hnemonlcs that reserve storage (like 8SS, IHTt etc.) 
reserve bytes In a CPU module and words In an lOU 
modu I e • 

10. EBCDIC constants not available In II Assembler. 

11. XTEXT pseudo Instruction not available. 

12. * Element number of symbol referenced as sCnl In II 

Assembler versus s(n) In CI Assembler. 

13. * II Assembler scans to column 88 versus 72 for CI 

Assembler. 
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II 4SSEHBLER OIFFEREHCES VERSUS CI ASSEMBLER 

14* *■ II Assefifoler requires first staterner^t Input to be lOE-NIT 

and If a statement ,fo! lows EHO than It !nust be I DENT:* 

15* * GEN statements -are combined with VFD statements In II 
Assewbler • ■ 

16. Byte alignment Is not performed for CHO or VFD 
s t a te me n t s In II As sem b I er • 

17» Only .byte alignment Is performed for INTt Dlf^T* FLOAT, 
and OFLOAT statements In a CPU module • 

18. LITERALS are not supported by II Assembler. Also not 
supported are the LITORG statement and literal function 
(Ls). 

19. ^ The object code listing format statement <OJCI Is not 

supported by the II Assembler. Listing format of the 
II Assembler Is hexadecimal. 

20. * Real numbers CFLOAT £ OFLOAT statements! must have a 

dec I ma I po I nt In II As semb I er • 
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CPy Instruction Oi rectory 








LBYTS 


- {Format 


=^ SjklO Op Code = 00-07 


Ref # = 










001 > • . 




• • • « • 


s • • • 


« 


• 


7-4 


S8YTS 


- (Format 


= SjklO Op Code ~ 08- OF 


Refi = 










003) • • 






« • • • 






7-4 


LXI - 


(Format = 


fkiO Op Code = 


= A2 Ref# = 


-' 005) . 






7-5 


LX - {format « jkQ Op Code = 82 Reff ^ 0061 . « 






7-5 


SXI - 


(For mat = 


jklO Op Code = 


= A3 Ref # = 


=007) • 






7-5 


S% - i 


[Forffiat = j 


\kQ Op Code ^ 83 Ref# = 0081 . • 






7-6 


L8YT - 


• (Format = 


■■ jkiO Op Code 


= A4 Reff 


= 009) 






7-6 


SBYT - 


• {Format = 


= jkiO Op Code 


= A5 Refi 


= 0111 






7-6 


tSYTP 


- (Format 


- jkQ Op Code 


== 86 Reff 


= 013) 






7-7 


LBIT • 


• (Format = 


■■ jkQ Op Code = 


= 88 Refi = 


'- 0141 . 






7-7 


S8IT - 


• (Format = 


■■ fkQ Op Code = 


= 89 Ref# = 


= 015) . 






7-7 


LAI - 


(Format = 


IkiO Op Code = 


= A0 Reff '- 


= 016) . 






7-7 


LA - {Format = jka Op Code = 84 Reff = 01?) . . 






7-8 


SAI - 


(Format - 


jklO Op Code - 


'- kl Reft •' 


= 018) . 






7-8 


SA - (Format = j 


[kO Op Code ^ 85 Ref# = 0191 • • 






7-8 


LHULT 


- (Format 


= jkQ Op Code 


= 80 Ref# 


= 020) 






7-9 


SMiILT 


- (Format 


= JkQ Op Code 


== 81 Ref# 


= 021) 






7-9 


« • • 4 


1 • • • • 


• •••••• 


-• « • • • 


• • • • 






7-9 


AOOX - 


• (Format = 


■ jk Op Code = 


24 Refi = 


022) • 






7-10 


ADOXQ 


- (Format 


= jka op Code 


= 8B Refi 


= 143) 






7-10 


INCX - 


• (Format. = 


= jk Op Code = 


10 Refi = 


166) m 






7-10 


SUBX - 


• (Format = 


■ jk Op Code = 


25 Refi ^ 


023) . 






7-10 


OECX - 


• (Format = 


■ jk Op Code - 


11 Refi = 


167) . 






7-11 


MULX ' 


- (Format = 


= jk Op Code - 


26 Refi = 


024) . 






7-11 


HULXa 


- (Format 


= jkQ Op Code 


= 82 Refi 


= 168) 






7-11 


OIVX - 


• (Format = 


= jk Op Code = 


27 Refi = 


025 ) • 






7-11 


AODR - 


■ (Format = 


: jk Op Code ~ 


20 Refi = 


027) . 






7-12 


AOORQ 


- (Format 


^ jkQ Op Code 


= 8A Refi 


= 028) 






T-12 


INCR - 


■ (Format = 


■ jk Op Code = 


28 Refi == 


029) . 






7-12 


SUBR - 


• (Format - 


■ jk Op Code = 


21 Refi = 


030) . 






7-12 


OECR - 


• (Format - 


: jk Op Code = 


29 Refi = 


031) • 






7-13 


HULR - 


• (Format = 


■ jk Op Code = 


22 Refi = 


032) ♦ 






7-13 


HULRQ 


- (Format 


= jkO Op Code 


= 8C Refi 


^ 033) 






7-13 


OIVR - 


• (Format = 


: jk Op Code = 


23 Refi = 


034) . 






7-13 


CMPX - 


• (Format - 


- }k Op Code = 


20 Refi = 


035) . 






7-14 


CHFR - 


' (Format = 


: jk Op Code = 


2C Refi = 


036 ) • 






7-14 


• mm* 


> • • • • 




• « « • • 


« • • • 






7-14 


BRXEO 


- (Format 


~ jkQ Op Code 


* 94 Refi 


^ 037) 






7-15 


BRXNE 


• (Format 


- jkQ Op Code 


= 95 Refi 


= 038) 






7-15 


8RXGT 


- (Format 


~ jkQ Op Code 


= 96 Refi 


= 039) 






7-16 


BRXGE 


- (Format 


= jkO Op Code 


= 97 Refi 


= 040) 






7-16 


BRREQ 


- (Format 


= jkQ Op Code 


= 90 Refi 


= 041) 






7-16 


BRRNE 


- (Format 


= jkQ Op Code 


* 91 Reff 


= 042) 






7-17 


BRRGT 


- (Format 


= jkQ Op Code 


= 92 Refi 


= 043) 






7-17 


BRRGE 


- (Format 


^ jkQ Op Code 


= 93 Refi 


^ 044) 






7-17 


8RINC 


- (Format 


= jkQ Op Code 


= 9C Refi 


= 045) 






7-18 


BRSEG 


- (Format 


= jkQ Op Code 


^ 90 Refi 


= 046) 






7-18 


8RREL 


- (Format 


= jk Op Code - 


= 2E Refi = 


= 047) . 






7-18 


8R0IR 


- (Format 


= jk Op Code ' 


= 2F Refi ^ 


= 048) . 






7-19 
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• • • « 
CPYXK 
CPY.AX. ■ 
CPYA4 ■ 
CPYXA 
CPYRR 



(Format 
(Format 
(Format 
(Format 
(Format 



jk Op Code 
Jk Op Code 
jk Op Code 
jk Op Code 
jk Op Code 



00 Refi 

08 Ref i 

09 Ref# 
OA Ref# 
OC Reff 



0491 
050) 
0511 
052) 
053) 



• « • « 

AOO.AO 

AOOPXQ 



(Format = 

- (Format - 
(Format = 
AOOAO - (Format = 



Jkt Op Code = 8E Reff = 054) 

JkQ Op Code = 8F R.ef» = 055) 
jk Op Code = Zk teff = 056) . 
jkiO Op Code = AT Ref# ■= 161) 



« « « • • 



ENTP 

Emu 

BUTE 
EMTt 
EHTX 
ENTZ 
ENTO 
ENTS 
ENTC 
EMTA 



(Format 
(Format 
(Format 

( Format 
(Format 
(Format 
(Format 
(Format 
(Format 
(Format 



jk Op 
jk Op 
JkQ Op 
jk Op 
jk Op 
jk Op 
fk Op 
jk Op 
jkQ Op 
jkQ Op 



Code = 

Code ~ 

vooe ■ 

Code - 

Code - 

Code - 

Code == 

Code = 

Code ' 

Code '- 



• « • • * 



SHFC - 
SHFX - 

SHFf? - 
• • • • i 
lORX - 
XORX - 
ANOX - 
NOTX - 
INHX - 



(Format 
(Format 
(Format 

(Format 
(Format 

(Format 
(Format 
(Format 



« • • • • 



rsoH 

I SO 8 
INSB 
HARK 



(Format 
(Format 
(Format 
(Format 



jk 1 Op Code 
jkID Op Code 
jkfO Op Code 

• ••••• 
jk Op Code ~ 
jk Op Code = 
jk Op Code = 
jk Op Code = 
jk Op Code = 

• ••*•• 
jkiO Op Code 
jkfO Op Code 
jk 10 Op Code 
jk Op Code = 



30 Reff = 

3E Reff = 

■■ 80 Reff '■ 

3F Reff = 

39 Refn = 

IF Ref# = 

IF Ref# = 

IF Refi = 

= 87 Reff ^ 

'■ 83 Reff ' 

• • • • • 
= A8 Reff 
= A9 Refi 
= AA Ref§ 

• « • • • 

18 Refi = 

19 Refi ^ 
lA Refi = 
18 Ref# = 
IC Refi = 

• • • • • 
= AC Ref# 
= AD Ref# 
= AE Ref# 
IE Ref# == 



057) 

058) 

= 0591 

060 ) 

164) 

061 ) 

061) 

061 ) 

■■ 165) 

169) 

• • « 
= 062) 
= 063) 
= 064) 

• « • 
065) 
066) 
067) 
068 ) 
069 ) 

• • • 
= 070) 
= 071) 
= 072) 
145) 



SU8N 

nULH 
OIVN 
5CLN 
SCLR 

HOVN 

CHPH 



« • • • « 



« • 

« • 

• • 

• * 

• « 

• « 

• « 

• * 
« • 

• « 
« « 

m « 

• « 
« • 

• « 



(Format = jk2 Op Code = 70 Refi = 075) . 

(Format = jk2 Op Code = 71 Refi = 075) . 

(Format = jk2 Op Code = 72 Reff ^ 076) • 

(Format = Jk2 Op Code = 73 Ref # - 077) . 

(Format = |kl02 Op Code = E4 Reff = 078) 

(Format = Jk!02 Op Code = E5 Ref# = 079) 

(Format = jk2 Op Code = 75 Ref# « 092) • 

(Format = jk2 Op Code ^ 74 Ref# = 083) . 



CHP8 - (Format = jk2 Op Code = 77 Ref# = 084) . 
CNPC - (Format = jk!02 Op Code = E9 Refi = 085) 
SCNS - (Format - fklOl Op Code = F3 Refi ~ 086) 
TRAN8 - (Format = jki02 Op Code = E8 Refi = 088) 
HOVB - (Format = jk2 Op Code = 76 Refi = 089) . 
EOIT - (Format = |k!02 Op Code = EO Refi - 091) 
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HOVI - 
CHPI - 
A 00 1 - 
• • • • 
CNIF - 
CNF I " 
A OOF - 
SU8F - 
WOLF - 
01 VF - 
A 000 - 
SU80 - 
HULO - 
01 VO ~ 



C For mat 
C For mat 
(Format 

(Format 
(Format 
(Format 

(For fiat 
(Format 
(Format 
(Format 
(Format 
(Format 
(Format 



= jklOl 
= jkiOl 
= JkfOl 

» • • « 1 

- jk Op 
= ]k Op 

- ]k Op 
= jk Op 

- }k Op 
= jk Op 
= jk Op 
= jk Op 
= jk Op 
* j^ Op 



Op Code ^ F9 Reff = 154) 
Op Code = FA Reff ~ 155) 
Op Code ^ F8 Ref# =^ 156) 



Code 
Code 
Code 
Code 

Code 
Code 
Code 
Code 
Code 
Code 



3A Reft 
38 Refi 

30 Ref# 

31 Refi 

32 Ref# 

33 Reff 

34 f?ef# 

35 Ref# 

36 Ref# 

37 Refi 



• • • • * 



BRFEQ - (Format = jkQ Op Code = 98 Ref# 
BRFHE - (Format = jkQ Op Code ■= 99 Reff 
BRFCT - (Format = jkQ Op Code = 9A Reff 
8RFCE - (Format ^ jkQ Op Code = 96. Refi 
BROVR - (Format ~ jkQ Op Code = 9E Ref# 
BRUMO - (Format = jkQ Op Code = 9E Refi 
SRfNF - (Format = jkQ Op Code * 9€ Reff 
CHPF - (Format ■= jk Op Code - 3C Reff = 



097) 

098) 

099) 

100) 

103) 

104) 

105) 

106) 

107) 

108) 

• « • 

= 109) 

= 110) 

== 111) 

= 112) 

= 113) 

= 113) 

= 113) 

114) 



• « * • « 



EXECUTE - (Format = SjklO Op Code = C0'-C7 Reff == 

HALT - (Format = fk Op Code = 00 Refi = 121) . 
SYNC - (Format = jk Op Code = 01 Reff = 194) . 
CALLSEG - (Format = jkO Op Code = 85 Reff = 115) 
CALLREL " (Format = jkQ Op Code = 80 Reff = 116) 
RETURN - (Format ^ Jk Op Code = 04 Reff = 117) 
POP - {format - jk Op Code = 06 Reff = 118) • . 
EXCHANGE - (Format = jk Op Code = 02 Reff = 120) 
KEYPOINT - (Format = jkO Op Code = 81 Reff = 136 
CHPXA - (Format = jkQ Op Code = 84 Reff = 125) 
LBSET - (Format ^ jk Op Code = 14 Reff = 124) . 
TPAGE - (Format = jk Op Code ^ 16 Reff = 126) • 
CPYTX - (Format = jk Op Code = 08 Reff = 132) . 



LPAGE - (Format = jk Op Code = 17 Reff = 127) . 

INTROPT - (Format = jk Op Code = 03 Reff = 122) 

8RCR - (Format ~ jka Op Code = 9F Reff - 134) • 

CPYSX - (Format = jk Op Code = OE Reff = 130) . 

CPYXS - (Format = jk Op Code = OF Reff = 131) • 

PURGE - (Format ^ jk Op Code ^ 05 Reff = 138) . 



Reff = 172) 
= 173) 



AOOXV - ( Format = jkiO Op Code = 44 
SUBXV - ( Format = jkiO Op Code = 45 Reff 

CMPEQy - ( Format == jkiO Op Code = 50 Reff ^ 176 

CHPLTV - ( Format = jkiO Op Code ^ 51 Reff = 177 

CHPGEV - ( Format = jkiO Op Code = 52 Reff = 178 

CHPMEV - ( Format = jkiO Op Code = 53 Reff = 179 

SHFV - ( Format = jkiO Op Code ^ 40 Reff = 180) 
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7^49 
7^50 
7^52 
7-52 
7-57 
7-58 
7-58 
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7-60 
7-60 
7-61 
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7-62 
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7-63 
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7-63 
7-63 
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7-71 
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7-76 
7-77 
7-78 
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7-80 
7-60 
7-80 
7-81 
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• ( format = 
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■ 48 Reff ^ 


1811 


mm - 


' C Format. = 


jklO Op Code = 


^ 4f tef# * 


182> 


.ANOV - 


C For mat = 


jklO Op Code = 


■ 4A Refi = 


183) 


CMIF¥ 


- C Forroat 


■= JkiO Op Code 


= 48 Reff 


= 1841 


CNFI¥ 


- C Format 


- jkiO Op Code 


= 4C Ref# 


= 185) 


ADOFV 


- C Format 


= |k!0 Op Code 


= 40^ Reff 


= 1861 


SUBFV 


- < Format 


- JklO Op Code 


= 41 Raff 


= 1871 


MULFV 


- C Format 


= JklO Op Code 


= 42 Reff 


■= 1881 


OIVFV 


- i Format 


- jk 1 Op Code 


= 43 Refi 


== 1 89 J 


SUMF¥ 


- C Format 


= jk 10 Op Code 


= 57 Reff 


= 190> 


HRGV - 


' C Format = 


jkiO Op Code = 


^ 54 Reff = 


191) 


GTHV - 


* C Format = 
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■ 55 Ref# = 


192) 


SCTV - 


' { Format = 
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^ 56 Reff = 


193) 
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I OU Ins tryct i on 01 rectory 

LJM - (Format = fdm Op Code ^ OOOldiu Size ■= 32 

RJM - (Format = fdm Op Code - OOQZdm Size = 32 

yjN - CForiiat = fd Op Code ^ 0003d Size = 16 bltt . 8-6 

ZJN - C For mat = fd Op Code = 0004d Size = 16 bit I . S-6 

MJM - C Format - fd Op Code = OOOSd Size « 16 bit) . 8-6 

PJH " (Format = fd Op Code - OOOSd Size = 16 bitl . 8-6 

mn " (Format - fd Op Code == OOOTd Size = 16 bit) . 8-? 

« ••«•• • •••«•••••••«••«•••• 9— f 

Sm - (ForTnat = fd Op Code = OOlOd Size = 16 bitl . 8-7 

• ••••• • •••••••••«•••••«••• 15— t 

LON - (Format = fd Op Code = 0014d Size = 16 bit) « 8-8 

LCN - (Format ^ fd Op Code = 0015d Size - 16 bitl • 8-8 
toe - (Format ■= fdm Op Code = 0020dm Size = 32 

bit) •••••«••«•«••«••••«•• o— cl 

LOO - (Format = fd Op Code = 0030d Size = 16 bitl • 8-8 

LOOL - {Format = fd Op Code ~ 1030d Size =16 bit) 8-9 

STO - (Format = fd Oo Code ^ 0034d Size = 16 bit) . 8-9 

STDL - (Format = fd Op Code = 1034d Size = 16 bit) 8-9 

tOI - (Format ^ fd Op Code = G040d Size ■= 16 bit) • B-9 

LOIL - (Format = fd Op Code = 1040d Size = 16 bit) 8-10 

STI - (Format = fd Op Code = 0044d Size = 16 bit) . 8-10 

STIL - (Format = fd Op Code = 1044d Size = 16 bit) 8-10 
LOH - (Format - fdm Op Code = 0050dm Size = 32 

bit) ••«.«•.••.•••••«..••• 8-11 

LOHL - (Format = fdm Op Code ~ 1050dm Size = 32 

bit) •••«••«.••••••«•«..«• 8-11 

STH - (Format - fdm Op Code = 0054dm Size = 32 

bit) «••«•«*•••••*•««•«••• 0—11 
STHL - (Format = fdm Op Coda = 1054dm Size = 32 

bit) ••••••«••.••*•••.••• « 



• • * « 



AON - (Format = fd Op Code = 0016d Size = 16 bit) 
AOC - (Format - fdm Op Code = 0021dm Size ~ 32 

bit) •.*•.••..••.•••••«•• 
S8N - (Format = fd Op Code = 0017d Size = 16 bit) 
AOO - (Format = fd Op Code = 0031d Size = 16 bit) 
AOOL - (Format = fd Op Code = 103 Id Size - 16 bit) 
S80 - (Format = fd Op Code = 0032d Size - 16 bit) 
SBOt - (Format « fd Op Code = 1032d Size = 16 bit) 
AOI - (Format = fd Op Code = 0041d Size = 16 bit) 
ADIL - (Format = fd Op Code * 1041d Size = 16 bit) 
SB I - (Format = fd Op Code = 004 2d Size = 16 bit) 
S8IL - (Format = fd Op Code = 1042d Size = 16 bit) 
AOH - (Format = fdm Op Code = 0051dm Size - 32 

bit) ••.•••••••••••••••*• 

AOHL - (Format = fdm Op Code = 1051dm Size = 32 

bit) .••••.••••••••••... * 

SBH - (Format = fdm Op Code = 0052dm Size - 32 

bitl «•••••••••••••«•••«• 



8- 


•11 


8- 
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SBMt- t Format == fdro Op Code = 1052dfii Size = 32 

LMM - CFormat = fd Op Code =,0011d Size = 16 bit) . 8-16 
L«C " C Format ■= fdm Op Code - 0023dfn Size = 32 

Dltl •***•«»•♦••«■••*••••** B'*16 

LPn - IForroat ^ fd Op Code = 0012d Size =16 bit) * 8-1? 
LPC - <Format = fdm Op Code = 0022diii Size = 32 

bit) ....•.•...••••••...•. 8-17 

SCfM - (Format ~ fd Op Code = 0013d Size = 16 bit) • 8-17 

LMO - CFormat = fd Op Code = 0033d Size = 16 bit) * 8-18 

LHOL - (Format = fd Op Code = 1033d Size = 16 bit) 8-18 

LPDt - C Format = fd Op Code = 1022d Size - 16 bit) 8-18 

LHI - (Format = fd Op Code * 0043d Size = 16 bit) • 8-19 

LHIt - (Format = fd Op Code = 1043d Size ^ 16 bit) 8-19 

LPIi - (For»at = fd Op Code = 1023d Size =16 bit) 8-19 
LHH - (Format = fdm Op Code = 0053dni Size = 32 

tMNL - (Format = fdm Op Code = 1053dp Size = 32 

bit/* ••••«•••••••• ••••••• O— £. o 

LPHt - (Format = fdm Op Code = 1024dm Size = 32 

oltl* •••••«•••••••• ••«••• 8— c. 1 

• ••••• « •••••«««•««««••«•«• S— 2 1 

Rm - (Format = fd Op Code = 0035d Size = 16 bit) • 8-21 

RAOL - (Format = f4 Op Code = 1035d Size = 16 bit) 8-22 

AOO - (Format = fd Op Code = 0036d Size = 16 bit) • 8-22 

AOOt'- (Format = fd Op Code = 1036d Size = 16 bit) 8-22 

SOD - (Format = fd Op Code = 0037d Size = 16 bit) . 8-22 

soot - (Format = fd Op Code = 103?d Size = 16 bit) 8-23 

Rkl - (Format = fd Op Code = 0045d Size = 16 bit) • 8-23 

RAIL - (Format = fd Op Code = 1045d Size = 16 bit) 8-23 

mi - (Format = fd Qp Code = 0046d Size = 16 bit) • 8-23 

AOIL - (Format = f4 Op Code = 1046d Size = 16 bit) 8-24 

SOI - (Format = fd Op Code = 0047d Size = 16 bit) . 8-24 

SOIL - (Format = fd Op Code = 1047d Size = 16 bit) 8-24 
Rm - (Format = fdm Op Code = 0055dm Size = 32 

RAML - (Format = fdm Op Code = 1055dm Size = 32 

bit) ...••• ••.«««.•«• 8-25 

mn - (Format = fdm Op Code = 0056dm Size = 32 

bit) •••••«.••••*••••••«•• 8-25 

AOML - (Format = fdm Op Code = 1056dm Size = 32 

bit) «••••••.••••«••••••• • 8-26 

SON - (Format = fdm Op Code = 0057dm Size = 32 

bit) •••••••••«.••.•«••..• 8-26 

SOHL - (Format = fdm Op Code = 105 7dm Size = 32 

bit) • ..«••.•*.•••••• 8-26 

• «•••. « •••••.••••••••••••• 8-26 

LRO - (Format = fd Op Code = 0024d Size = 16 bit) • 8-28 

SRO - (Format = fd Op Code = 0025d Size = 16 bit) • 8-28 

CRO - (Format = fd Op Code = 0060d Size = 16 bit) • 8-30 

CROL - (Format = fd Op Code = 1060d Size = 16 bit) 8-31 

CMO - (Format = f4 Op Code = 0062d Size = 16 hit) . 8-31 
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CMOL - C Format = fd Op Coda = 1062d Size = 16 l>ltl -8-31 

CRM - (Format - fdm Op Code = 0061dm Size = 32 

Oltl * • • • • « • • • • «'• • ••• • • • • m 8" 3 2. 

CRML - CForiwat ^ fdm Op Code = 1061dm Size - 32 

p. it !•••••« •••••« «•••••••« S** 3 2 

CWM - C Format = fdm Op Code = 0063dm Size = 32 

oltl ••••-•«••••«••••««•«•• S'^ziZ. 

CMHt - f Format = fdm Dp Code = 1063dTO Size ==32 

Dlti* •««••••• ••«••••••••« S'^ 3 3 

ROSL - CFornriat = fd Op Code = lOOOd Size - 16 bit)- 8-33 

ROCt - CForiiiat = fd Op Code = lOOld Size ■= 16 bit) 8-34 

« • • « • • • •*•••*••'••••«•••«'«• '3— 3*t 

AJM - (Format = fscm Op Code = 00640c^ Size = 32 

oltl •••«•«••••••««•«••••• o— 34 

SCF - (Format = fscns Op Code = 0064 lew Size = 32 

FSJIf - (Format - fscm Op Code = 1064Xci?i Size ■= 32 

Dltl • • • • » • • • • • • • • • « •• • • • m — 3^ 

IJM - (Format = fscm Op Code = 00650cfii Size ' 32 
FCJH - (Format = fscm Op Code = 1065Xcm Size ■= 32 
fJH - (Format = fscm Op Code ~ 00660cm Size = 32 
EJH - (Format = fscm Op Code = 006?0cm Size = 32 

SFH - (Format = fscm Op Code = 00661cm Size = 32 

bit) ••«•••••«•••••••••,.. 8-36 

CFM - (Format = fscm Op Code = 00671cm Size - 32 

bit) ••••••••••«...•••.••• 8-36 

CCF - (Format = fscm Op Code = 00651cm Size - 32 

I AM - (Format = fsc Op Code = 00700c Size = 16 

ott? ««•••••••••••••«•••«« o— ^ 3 l 

IAN - (Format = fsc Op Code = 00701c Size = 16 

oltl •«•••••••«•«•••••••«• o— 3/ 

OAN - (Format = fsc Op Code = 00720c Size = 16 

0AM - (Format = fsc Op Code = 00721c Size - 16 

bit) ••••••• ••••«•••• 8-38 

I AH - (Format ~ fscm Op Code = 00710cm Size = 32 

bit) •••«••••••••••••••••« 8-38 

lAPM -(Format = fscm Op Code - 10710cm Size « 32 

bit) ••••.••.••••««••*••• * 8-41 

OAH - (Format = fscm Op Code - 00730cm Size - 32 

bit) . ••••••••••••« 8-41 

OAPH - (Format ~ fscm Op Code = 10730cm Size = 32 

bit) . . • ••«•.•••««••• 8-42 

ACN - (Format = fsc Op Code = 00740c Size = 16 

bit) ••«•••••.••••••••*••• 8-42 

ACM - (Format = fsc Op Code = 00741c Size ^ 16 

bit) •••••••••••••••.••«.• 8-42 

OCN - (Format = fsc Op Code = 00750c Size - 16 
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0t tl I • • * • • • • • • • • » • « ' « « • • • • • ' 'S"'^3 

OCM ~ « Format = fsc Op Code « 0075 ic Size = 16 

oicf • • «• • •«•• «•• •• ••« • • • • o**^3 

FAN - (Foriuat ^ fsc Op Code= 00760c Size - 16 

FAN - (Format = fsc Op Code = 00761c Size = 16 

fHC " ( Format = fscw Op Code - 00770cm Size = 32 

•D I 1 1 * • « • • • • • • • • • « • • •«■•■••■■» B''"^*! 

fHC " (Forpat = fscm Op Code = 0077 Icro Size ♦ 32 

.1 1 1 • • • ••*•»»• • « « • «•••••« 0"^"% *t 

EXN ~ (Format = fd Op Code = 002601 Size = 16 folt> 8-~45 

MX-N - (Format = fd Op Code ^ 00261M Size = 16 bit) 8-45 

nm - (Format = fd Op Code = 00262K Size ^ 16 bit) 8-46 

PSH - (Format = fd Op Code = 002400 Size ^ 16 bitl 8-46 

KPT - (Format = fd Op Code = 0^027d Size = 16 bit I « 8-46 

IHPH - (Format = fd Op Code = i026d Size = 16 bit) 8-47 
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